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This  study  was  performed  for  the  Directorate  of  Facilities  Engineering,  Office  of  the 
Chief  of  Engineers  (OCE),  under  Project  4A7(>27D>AT4I , "Design,  Construction,  and 
Operations  and  Maintenance  Technology  lor  Military  Facilities'  ;TaskT5,‘  Research  tor 
Base  Development  in  Theater  of  Operations",  Work  Unit  004.  “Vertical  Construction  in 
Desert  and  Tropic  Regions."  The  OCR  number  is  1 .07.002.  The  OCE  Technical  Monitor 
is  Mr.  G.  E.  McWhite. 

The  work  was  conducted  by  the  Engineering  and  Materials  Division  (EM),  U.S.  Army 
Construction  Engineering  Research  Laboratory  (CF.RL).  The  Principal  Investigator  is 
Dr.  A.  M.  Kao. 

COL  J.  E.  Hays  is  Commander  and  Director  ofCERL.and  Dr.  L.  R.  Shaffer  is  Technical 
Director.  Dr.  G.  R.  Williamson  is  Chief  of  EM. 
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MATERIAL,  DESIGN,  AND  CONSTRUCTION 
GUIDELINES  FOR  VERTICAL 
CONSTRUCTION  IN  DESERT  AND 
TROPICAL  REGIONS 


1 INTRODUCTION 


Background 

In  the  past,  building  materials  and  systems  used  by 
the  U.S.  Army  in  tropical  and  desert  regions  have  sel- 
dom differed  greatly  from  those  used  in  the  temperate 
zone  in  the  continental  United  States  (CONUS).  Al- 
though some  building  materials  and  systems  may  be 
found  that  could  function  with  equal  effectiveness  in 
all  climatic  zones,  such  systems  would  undoubtedly  be 
uneconomical  and  impractical  for  military  applications. 
The  use  of  improper  building  materials,  construction 
details,  or  building  systems  which  could  result  would 
not  only  adversely  affect  the  working  effectiveness  or 
living  comfort  of  the  occupants  because  of  inferior  or 
unsatisfactory  environments  but  would  also  cause  un- 
necessary maintenance  problems  for  facility  engineers. 
Consequently,  information  on  the  performance  of  vari- 
ous building  materials,  construction  details,  and  build- 
ing systems  in  the  tropics  and  desert  is  needed. 

Purpose 

The  purpose  of  this  report  is  to  provide  material,  de- 
sign. and  construction  criteria  or  guidelines  for  use  by 
the  Army  in  theaters  of  operations  (TO)  located  in 
desert  and  tropical  regions.  The  guidance  will  help  the 
Corps  in  selecting  the  materials,  construction  details, 
and  systems  that  will  result  in  providing  the  best  human 
environment  in  such  areas  consistent  with  military  ob- 
jectives and  economy. 

Approach  and  Scope 

Findings  in  this  report  were  based  on  actual  field  ex- 
periences of  the  Army.  Navy,  and  Air  Force,  and  on  a 
review  of  literature  pertinent  to  construction  in  desert 
and  tropical  regions. 

To  broaden  the  usefulness  of  this  report,  all  infor- 
mation that  relates  to  vertical  construction  in  desert 
and  tropic  regions,  whether  for  permanent  or  temporary 
construction,  was  considered  in  the  development  of  the 
guidelines.  Whenever  possible,  however,  attempts  were 
made  to  identify  guidelines  that  apply  specifically  to  a 
cerrtain  type  of  construction. 


Mode  of  Technology  Transfer 

It  is  anticipated  that  the  guidelines  developed  in  this 
study  will  impact  on  the  development  of  future  Army 
Facilities  Components  System  (AFCS)  guidelines  con- 
tained in  TM5-30I , TM5-302.  and  TM5-303.' 


2 CLIMATIC  CONDITIONS 

The  AFCS2  uses  four  climatic  zones  to  describe  the 
climates  of  the  world:  (1)  temperate  zone,  (2)  frigid 
zone,  (3)  tropical  zone,  and  (4)  desert  zone. 

Deserts  are  characterized  by  a season  of  very  higt: 
temperatures  (85  to  125°F  [29  to  52°C) ).  with  gener- 
ally moderate  night  temperatures  (60  to  80°F  [16  to 
27°C|).  They  have  short  winters  with  low  rainfall, 
moderate  temperatures  during  the  day,  and  low  tem- 
peratures at  night  (30  to  50°F  [ 1 to  10°C] ).  Tropics 
differ  from  deserts  in  having  high  humidity  throughout 
the  year,  even  in  dry  seasons,  and  a small  variation  be- 
tween day  and  night  temperatures  (75  to  95°F  [24  to 
35°C]  in  the  hot  season.  50  to  70°F  [10  to  21°C]  in 
the  cold  season). 

The  tropical  and  desert  zones  are  each  further  divided 
into  two  categories:  wet-warm  and  wet-hot  for  tropical 
zones  and  humid-hot  and  hot-dry  for  desert  zones. 
Table  1 summarizes  the  temperature,  relative  humidity, 
and  solar  radiation  values  defined  by  the  AFCS  for  each 
category  in  the  two  zones. 

In  tropical  areas,  wet-warm  condi, ions  are  generally 
found  under  tire  canopy  of  heavily  forested  areas, 
whereas  wet-hot  conditions  are  found  in  the  open.  Wet- 
hot  regions  are  characterized  by  a relatively  higher  tem- 
perature, much  higher  wind,  and  more  intense  solar 
radiation  than  is  found  in  wet-warm  regions.  In  wet-hot 
regions  the  AFCS  design  wind  speed  for  facilities  with 
a life  expectancy  of  less  than  5 years,  such  as  those  lo- 
cated in  the  TO,  is  45  knots  for  a 5-minute  period, 
with  gusts  to  65  knots.  Designs  with  a life  expectancy 
of  5 years  or  more  may  be  subjected  to  winds  of  55 


'Army  Facilities  Components  System  Planning.  TM5-301 ; 
Army  Facilities  Components  System  Designs.  TM5-302;Amty 
Facilities  Components  System  Logistic  Data  a>  i Bills  of  Ma- 
terials. TM5-303  (Department  of  the  Army.  1973.) 

2 Army  Facilities  Components  System.  1 MS-301  Series 
(Department  of  the  Army,  1970). 
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Table  1 

Summary  of  Temperature.  Solar  Radiation,  and  Relative  Humidity  Extremes  for  1 ropic  Regions 

Climatic  /ones  and  Categories 
Tropical  Zone  Desert  Zone 


Wet-Warm 

Wet-Hot 

Humid-Hot 
(Coastal -Desert) 

Hot-Dry 

( )perational  Conditions 

Ambient  Air  l emperature  °1  <(’) 

Reverse  Season  Air  l emperature  1 ( "O 
Solar  Radiation  Btu/sq  ft/hr  <W/m2j 
Ambient  Relative  Humidity  ^ 

75  (24) 

40  ( 4 1 

Negligible 

95-100 

78-95  (26-35) 

40  (4) 

0-360  (0-1136) 
74-100 

85-100  (29-38) 

32  (0) 

0-360(0-1136) 

63-90 

90-125  (32-52) 
25  (-4) 

0-360  (0-1136) 
5-20 

Storage  and  Transit  Conditions 

Induced  Air  Temperature  1-  ( C) 

Induced  Relative  Humidity  ' 

80  (27) 
95-100 

90-160  (32-71) 
10-85 

90-160  (32-71) 
10-85 

90-160  (32-71) 
2-50 

knots  for  a 5 -minute  period,  witli  gusts  to  85  knots,  ex- 
cept al  exposed  coastal  and  mountain  locations  where 
stronger  winds  may  be  experienced.  Wind  in  wet-warm 
regions  is  generally  light,  seldom  exceeding  5 knots. 
Since  most  facilities  are  located  in  open  areas  (wet-hot 
conditions),  this  report  is  concerned  primarily  with 
wet-hot  conditions. 

Humid-hot  conditions  in  desert  zones  are  limited  to 
the  immediate  coasts  of  bodies  of  water  having  high 
surface  temperatures,  such  as  the  coasts  of  the  Persian 
Gulf  and  the  Red  Sea.  and  a small  region  above  the  Gulf 
of  California  in  the  southwestern  United  States.  Hot- 
dry  conditions  are  found  in  the  deserts  of  northern 
Africa,  the  Middle  East,  west  Pakistan  and  India,  the 
southwestern  United  States,  western  Mexico,  and  cen- 
tral and  western  Australia.  Hot-dry  regions  are  slightly 
warmer  and  much  less  humid  than  humid-hot  areas. 
Design  wind  speeds  specified  by  the  AFCS  for  desert 
zones  are  the  same  as  those  specified  for  tropical  zones 
(wet -hot). 


DESIGN  AND  CONSTRUCTION 
3 GUIDELINES  FOR  TROPICAL 
FACILITIES 


Planning  and  Siting 

General 

The  location  of  a facility  should  be  determined  by 
analyzing  the  constraints  and  features  of  the  site.  These 
factors  include:  ( I ) the  climatic  constraints  of  tempera- 
ture. precipitation,  and  prevailing  winds,  and  (2)  the 
natural  features  of  the  groundplanc.  such  as  the  topo- 


graphy. ground  cover,  drainage  patterns,  and  soil  types. 
Another  important  site  consideration  is  accessibility  to 
existing  roads  and  utilities. 

Climatic  Constraints 

In  a tropical  region  the  climatic  constraints  are  quite 
severe.  The  small  variation  between  day  and  night  tem- 
peratures in  this  hot  climate  offers  little  relief  to  in- 
habitants. In  addition,  the  constantly  high  humidity 
hinders  the  human  body's  transpiration  process.  The 
rainfall  in  these  regions  also  poses  problems  since  storms 
are  intense  and  prolonged,  causing  periodically  high 
water  tables  and  flash  flooding. 

Solar  Orientation.  To  maintain  a comfortable  inter- 
nal temperature  for  buildings  in  the  tropic  zone,  ade- 
quate protection  from  the  sun  must  be  provided.  Solar 
radiation’s  effect  on  building  surfaces  can  be  controlled 
in  several  ways: 

1 . Building  forms  should  be  elongated  in  plan  and 
their  long  axis  should  be  sited  in  an  east-west  direction 
as  shown  in  Figure  1 This  configuration  minimizes  the 
wall  areas  exposed  to  the  low  angles  of  the  early  morn- 
ing and  late  afternoon  sun. 

2.  Buildings  on  rolling  or  hilly  sites  should  be  placed 
on  the  shaded  slope  (the  north  slope  in  the  northern 
hemisphere,  the  south  in  the  southern  hemisphere,  or 
the  east  slope  in  either  hemisphere)  since  these  slopes 
receive  less  radiation  (see  Figure  2). 

5.  Buildings  should  be  located  away  from  reflective 
surfaces  such  as  large  paved  areas  or  water  bodies  to  re- 
duce exposure  to  reflected  radiation,  as  shown  in  Fig- 
ure 3. 
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Figure  1.  Building  layout  east-west  orientation. 


4.  Shading  of  the  entire  building  unit  can  also  pre- 
vent radiation  front  affecting  the  interior.  Shading  can 
be  accomplished  by  using  the  natural  shading  of  the 
site's  trees,  or,  where  there  are  no  trees,  by  creating  a 
man-made  screen  over  the  structure  (see  Figure  4). 

Wind  Orientation.  Wet  tropical  regions  are  charac- 
terized by  ntild  trade  winds  which  generally  blow  the 
same  directions  for  most  of  the  year.  During  the  mon- 
soon season,  however,  high  velocity  winds  occur  from 
several  directions.  Because  of  the  infrequency  and  direc- 
tional variability  of  these  winds,  no  simple  method  of 
site  protection  is  advised;  instead,  the  individual  build- 
ings should  be  designed  for  the  full  brunt  of  these  forces. 
Designers  should  follow  TM  5-804-1  I , Design  Criteria 
for  Facilities  in  Areas  Subject  to  Typhoons  and  Hurri- 
canes. for  facilities  in  typhoon  and  hurricane  regions. 

Fffective  use  of  the  trade  breezes  is  a very  important 
site  consideration  because  they  provide  the  only  relief 
to  this  zone's  oppressive  heat.  By  evaporating  perspira- 
tion from  the  skin,  the  winds  provide  a form  of  cooling 
for  the  inhabitant.  Some  general  guidelines  for  site  lay- 
outs are: 


1 . Building  layouts  should  be  designed  to  channel 
the  trade  winds  through  the  site.  If  possible  open  spaces 
and  street  patterns  should  reinforce  the  prevailing  wind 
direction,  as  Figure  5 illustrates. 

2.  A staggered  layout  of  individual  buildings  will  al- 
low better  breeze  distribution  to  adjacent  structures. 
Figure  6 shows  proper  spacing  dimensions. 

3.  Landscape  elements  should  be  positioned  and 
maintained  to  offer  minimum  resistance  to  prevailing 
breezes,  as  pictured  in  Figure  7. 

4.  For  both  structural  and  environmental  reasons, 
buildings  in  this  region  should  be  elevated  above  the 
groundplanc  as  shown  in  Figure  8.  The  resulting  air  cir- 
culation underneath  the  structure  helps  to  keep  the 
structure  cooler.  However,  the  crawl  space  must  be 
kept  open  to  permit  airflow. 

5 . Since  proper  solar  orientation  and  prevailing  wind 
orientation  often  differ,  a dilemma  arises  as  to  which 
orientation  is  most  critical.  Studies  have  shown  that 
the  airflow  through  buildings  oriented  at  45  degrees 


Reflected  Light 


L 


Because  Angle 
Approaches  90° 


a.  North-south  slope  illustration. 


As  Sun  Angle  Drops 
East  Slope  Becomes 
Shaded 


West  Slope  Absorbs 
Energy  During  Hotter 
Part  of  Day. 


East  Slope  Absorbs  Energy 
During  Cooler  Morning  Hours 
And  So  It  Is  Cooler  Than  The 
West  Slope 


b.  East-west  slope  illustration. 
Figure  2.  Building  placement. 
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Overhang  Provides 


Sunlight  Is  Reflected 
Off  Water  B Hits 
Building  Wolls 


a. 


Reflected  Sunlight  Is 
Blocked  By  Vegetation 


b. 


Figure  3.  Siting  around  reflective  surfaces. 
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Streets  Oriented 
To  Prevoiling 
Wind  Direction 


Figure  5.  Suggested  street  layout. 


Figure  6.  Staggered  building  layout. 


Low  Shrubs  Away  From  Buildings 
To  Prevent  Resistance 


Figure  7.  Effects  of  vegetation. 
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to  the  direction  of  the  prevailing  wind  is  greater  because 
of  the  larger  leeward  suction  forces  (see  Figure  9).3 
Thus  facing  a building  into  the  wind  does  not  necessari- 
ly increase  airflow  through  it. Consequently, solar  orien- 
tation should  be  a more  critical  consideration. 

More  specific  ways  to  naturally  ventilate  individual 
buildings  will  be  discussed  in  the  section  on  exterior 
walls  and  wall  openings. 

Rainfall  and  Humidity  Considerations.  The  heavy 
annual  rainfall  in  tropical  areas  profoundly  affects  the 
performance  of  all  building  types.  Precipitation  acts 
directly  on  the  various  building  materials  by  weathering 
them,  whereas  humidity  acts  more  indirectly  by  pro- 
moting mold  and  fungus  growth. 

Because  of  the  typically  high  winds  associated  with 
tropical  rain  storms,  water  penetration  into  the  build- 
ing is  a serious  problem.  Since,  as  already  discussed, 
trade  wind  penetration  is  desirable  in  terms  of  cooling, 
building  orientation  cannot  be  altered  to  provide  pro- 
tection from  windblown  rain.  Instead,  this  problem 
must  be  solved  at  the  scale  of  individual  buildings  (see 
sections  Design  Considerations  and  Material  Usage). 


'()  li.  Kocnigsbcrger,  et  al.,  Manual  oj  Tropical  Housing 
and  Building,  Part  One  Climatic  Design  (Longman,  1973), 
p 124 


In  general,  buildings  should  be  sited  on  high  points 
in  the  local  topography  to  minimize  standing  water 
problems  and  to  maximize  the  airflow  which  decreases 
the  effects  of  heat  and  humidity. 

A 'atural  Site  Constraints 

Topography.  Tropical  regions  are  characterized  by 
periodic  heavy  rainfalls  which  rapidly  change  the  water 
table  and  result  in  standing  water  in  low  areas.  Because 
of  the  health  hazard  created  by  pools  of  standing  water, 
the  drainage  patterns  of  the  site  must  be  considered. 
Drainage  swales  should  be  used  to  carry  away  rainfall 
runoff,  and  low  spots  should  be  filled  in  or  graded  to 
drain. 

Vegetation.  Plants  in  tropic  regions  serve  primarily 
as  shading  devices.  Every  effort  should  be  made  to  retain 
shade  trees  on  a site  and  use  the  shade  they  provide 
when  determining  (he  location  of  individual  buildings. 
Generally,  the  use  of  local  plant  types  is  encouraged 
for  new  landscaping  since  these  plants  are  definitely 
best  suited  for  the  soil  and  weather  conditions.  The 
ficus  tree,  however,  should  not  be  planted  adjacent  to 
buildings  because  its  root  structure  may  damage  the 
foundation  system. 

Soils.  The  soil  conditions  of  a site  in  tropical  regions 
will  typically  limit  the  placement  of  major  building 
types.  The  generally  weak,  spongy  soils  and  the  peiiodic 
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swelling  and  shrinking  of  soils  caused  by  the  heavy 
rainfall  will  require  special  consideration  when  choosing 
which  foundation  systems  are  best  suited  for  this  ap- 
plication. See  the  foundation  section  for  suggested  sys- 
tem types. 

Summary  Recommendations 

1.  Buidlings  should  be  elongated  in  an  easi-west  di- 
rection to  minimize  wall  exposure. 

2.  Buildings  should  be  placed  in  rolling  or  hilly  sites 
on  the  shaded  slope  (north  slope  in  northern  hemisphere, 
south  slope  in  southern  hemisphere)  or  east  slope  when- 
ever possible. 

3.  Buildings  should  be  kept  away  from  reflective 
surfaces  such  as  paved  areas  or  water  bodies. 

4.  Exposed  building  surfaces  should  be  made  out  of 
reflective  materials  with  low  absorption  and  transmis- 
sion characteristics. 

5.  Shade  should  be  provided  for  the  entire  building 
by  natural  or  artificial  means  (trees  or  a screen  above 
the  roof  and  one  air  overhang  over  the  walls). 

6.  Open  spaces  and  street  layouts  should  be  parallel 
to  prevailing  winds. 

7.  The  layout  of  individual  buildings  should  be 
staggered  to  provide  breeze  distribution.  For  spacing  of 
shelters,  the  “seven  times  height"  rule  can  be  used  as  a 
rough  guide. 

8.  Trees  and  shrubs  should  be  maintained  to  offer 
minimum  resistance  to  prevailing  breezes. 

9.  Buildings  should  be  elevated  above  the  ground- 
plane  to  provide  ventilation  underneath  them. 

10.  Protective  drainage  patterns  away  from  buildings 
should  be  maintained. 

1 1 . Existing  plants  should  be  preserved  wherever 
possible. 

12.  Local  plant  types  should  be  used  for  new  land- 
scaping wherever  possible.  However,  the  ficus  tree 
should  not  be  planted  adjacent  to  buildings  since  its 
root  structure  may  damage  building  foundations. 

Foundations 

Genera! 

Soils.  Tropical  regions  typically  have  deep  residual 
soil  profiles  with  medium  to  high  compressibility  and 


low  shear  strength  4 However,  site  analysis  of  local  soils 
is  recommended  whenever  possible  because  the  depth 
and  quality  of  residual  soils  vary  significantly.  Where  a 
complete  soil  analysis  is  not  possible,  some  rough  as- 
sumptions can  be  made  by  analyzing  how  foundation 
systems  function  for  comparable  existing  buildings  in 
the  surrounding  area. 

Residual  soils  generally  expand  and  shrink  depending 
on  seasonal  humidity  and  moisture  changes.  The  degree 
of  volume  change  in  these  soils  may  be  as  large  as  5 
percent,  which  can  place  excessive  stresses  on  the 
foundations.5  Figure  10  illustrates  a possible  effect  of 
these  stresses.  The  organic  layer  of  topsoil  should  also 
be  avoided  because  of  its  highly  unstable  nature  under 
load. 

Protection  from  differential  settlement  due  to  vol- 
ume changes  can  be  achieved  by: 

1 . Carrying  the  foundation  system  down  below  the 
active  soil  layer  where  it  will  not  be  affected  by  seasonal 
changes  in  moisture  (Figure  11a). 

2.  Removing  tire  active  layer  of  soil  under  the 
foundation  and  replacing  it  with  inert  fill  (Figure  lib). 

Termite  Protection.  Tropical  regions  are  highly  sus- 
ceptible to  termite  attack.  Both  drvwood  and  subter- 
ranean species  are  encountered,  depending  on  the  loca- 
tion. Listed  below  are  guidelines  for  protection  from 
subterranean  species.  When  drywood  termites  are  pres- 
ent in  the  surrounding  area,  the  only  effective  method 
of  control  is  to  use  pressure-treated  lumber. 

Subterranean  termites  are  abundant  in  tropical  areas 
because  of  warm  temperatures,  low  altitude,  and  high 
humidity.  Damage  from  these  termites  can  be  mini- 
mized by  using  chemical  or  mechanical  barriers. 

Toxic  chemicals  can  be  used  to  poison  the  soil  around 
the  building  or  to  poison  the  wood  itself.  Soil  treatment 
is  most  effective  if  applied  during  foundation  construc- 
tion. Properly  installed,  such  a poisonous  barrier  can 
last  indefinitely  (current  test  plots  are  over  25  years 
old  and  are  still  effective).6  Chemical  migration  in  most 

4l.  Zeevaerl,  Foundation  Engineering  for  Difficult  Subsoil 
Conditions  (Van  Nostrand  Reinhold  Co..  1472),  p I 5 

5Zeevaert,  p 16 

*11  R Johnston,  et  al..  Subterranean  Termites.  Their  Pre- 
vention and  Control  in  Buildings.  Home  and  Garden  Bulletin 
No.  64  (US  Dcpartmenl  of  Agriculture  [USDAJ,  1972). 
P.  25. 
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Figure  10.  Foundation  settlement 


mites;  they  simply  make  it  harder  for  termites  to  work 
undetected.  Proper  installation  and  subsequent  inspec- 
tion are  required  to  make  the  shield  effective.  Buildings 
using  slab,  grade,  or  shallow  perimeter  foundation  sys- 
tems do  not  allow  visual  inspection  of  the  interior  edges 
of  the  shield  and  so  other  methods  of  control  must  be 
employed.  Shields  should  be  made  of  a durable  metal 
such  as  aluminum,  copper,  zinc-copper  alloy,  terne  plate, 
or  galvanized  iron  or  steel.  A typical  installation  is 
shown  in  Figure  1 2. 


soils  is  minimal:  therefore  only  physical  erosion  of  the 
treated  soil  or  the  placing  of  additional  untreated  soil 
over  the  treated  areas  will  render  this  method  ineffec- 
tive . However,  local  groundwater  could  be  contaminated 
if  the  insecticide  is  applied  to  soils  containing  layers  of 
gravel  or  soils  that  crack  up  in  periods  of  drought.  For 
such  locations,  soil  poisoning  is  not  recommended. 


Currently,  two  chemicals  are  suitable  for  soil  treat- 
ment in  the  concentrations  listed  below  in  Table  2.  See 
Appendix  A for  specifications  on  critical  locations  and 
rates  of  application  for  soil  poisoning. 


Table  2 

Chemicals  for  Soil  Treatment* 


Chemical  treatment  of  the  wood  itself  is  also  effec- 
tive in  curbing  termite  damage.  This  method  is  recom- 
mended when  wood  is  used  as  a foundation  material  or 
where  wood  comes  in  contact  with  the  foundation  and 
soil  poisoning  is  not  used.  Chemicals  can  be  surface  ap- 
plied by  brush  or  spray,  allowed  to  soak  in,  or  pressure 
treated.  Pressure  treatment,  the  most  effective  method, 
is  widely  accepted  in  the  construction  industry  because 
of  its  field  performance.  Several  recommended  preser- 
vatives are  listed  in  Appendix  B. 


Chemical 


Concentration 


Chlordane 


1 .11  percent  applied  in  an  oil  solution  or  a 
water  emulsion 


2.0  percent  applied  in  an  oil  solution  or 
water  emulsion  (used  only  in  severely- 
infested  locations). 


Heplaclilor 


0.5  percent  applied  in  an  oil  solution  or 
water  emulsion 


Mechanical  barriers  are  designed  to  make  the  pres- 
ence of  termites  known  visually.  They  do  not  stop  ter- 


•ft rom  II  R.  Johnston,  ct  al..  Subterranean  Termites.  Their 
Prevention  and  Control  in  Buildings.  Home  and  Carden  Bul- 
letin No.  64  | USD  A.  19721,  p 25.) 


Erosion  Protection.  Once  the  foundation  system  is 
in  place  it  must  be  protected  from  wind  and  water  ero- 
sion. In  tropical  areas  wind  erosion  is  minimal,  but  the 
uplift  forces  created  by  wind  can  be  severe  in  some  lo- 
calities. Uplift  of  a building  using  piers  or  perimeter 
footings  is  counteracted  by  the  weight  of  the  structure 
and  the  gravity  forces  of  the  overlying  soil.  Since  the 
weight  of  the  overlying  soil  can  be  the  most  significant 
downward  force  in  lightweight  buildings,  erosion  must 
be  prevented.  In  addition,  when  the  backfill  is  treated 
for  termite  control,  erosion  must  be  prevented  so  that 
the  termite  protection  is  not  washed  away  with  the  soil. 

Erosion  occurs  from  the  heavy  rainfall  runoff  associ- 
ated with  tropical  areas.  It  is  prevented  around  building 
edges  by  carrying  roof  drainage  systems  out  away  from 
the  exterior  walls,  properly  grading  the  soil  away  from 
the  building  walls,  and  providing  larger  site  drainage 
patterns  to  carry  the  runoff  away. 

Systems  and  Materials  Recommendations 

General.  Because  of  the  extreme  heat  and  humidity 
in  tropical  areas,  buildings  should  be  constructed  on 
stilts  whenever  possible  (Figure  13).  The  raised-point 
foundation  absorbs  much  less  of  the  stored  heat  from 
the  ground,  allows  the  floor  system  to  be  cooled  by 
natural  ventilation,  and  separates  the  building  from  the 
high  moisture  content  of  the  ground.  These  advantages 
suggest  that  raised-point  foundations  arc  the  best  solu- 
tion for  tropical  areas. 


Reinforced  concrete  and  masonry  are  suggested  ma- 
terials for  foundations  in  tropical  areas.  Reinforcing 
steel  used  in  concrete  and  masonry  members  must  be 
adequately  protected  to  prevent  corrosion  (see  Chap- 
ter 5).  Pressure-treated  wood  can  also  be  suitable  but  is 
not  recommended  for  permanent  construction  because 
of  its  variable  life  in  tropical  areas. 

Raised-Point  Foundations.  Raised-point  supports 
may  be  either  bearing  piers,  which  use  a bearing  pad  to 
distribute  the  building  load,  or  friction  piles,  which 
transfer  the  building  load  to  the  soil  by  the  friction 
created  between  the  pile  surface  and  the  surrounding 
earth. 

A raised-point  foundation  system  is  generally  the 
simplest  and  probably  the  cheapest  foundation  for 
lightweight  buildings.  Raised-point  supports  are  most 
efficiently  used  at  locations  where  ground  elevations 
vary  considerably,  since  they  require  minimal  site  pre- 
paration and  installation. 

Perimeter  Footings.  Concrete  slabs  on  perimeter 
footings  have  been  used  and  are  performing  satisfactorily 
in  the  Panama  Canal  Zone.  Although  slab-on-grade  sys- 
tems are  generally  quite  economical  and  do  work  in 
tropical  areas,  they  arc  not  recommended  because  they 
place  the  floor  system  in  direct  contact  with  the  moist 
soil.  Moisture  problems  result  and  the  buildings  will  re- 
ceive more  reflected  heat  from  the  ground. 
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Figure  13.  Raised  wood  foundation. 


Raised-perimeter  foundations  are  preferred  over 
slab-on-grade  systems  becuase  the  crawl  space  provided 
can  be  ventilated.  However,  large  openings  are  needed 
; to  effectively  ventilate  the  space , suggesting  that  a raised- 

point  foundation  system  should  be  used  instead.  Never- 
theless, for  buildings  with  heavier  floor  loads,  such  as 
storage  facilities,  a slab-on-grade  or  raft  foundation  is 
' still  required. 

In  general,  perimeter  footings  are  unsuitable  for 
temporary  construction  because  more  extensive  site 
work  is  required  and  they  are  difficult  to  remove  if  the 
building  has  to  be  moved.  In  the  tropics  this  foundation 
type  is  further  discouraged  because  its  contact  with  the 
groundplane  restiicts  ventilation,  creates  moisture  prob- 
lems. and  increases  the  chances  of  termite  attack. 

Summary  Recommendations 

1 . Site  soil  conditions  should  be  determined  by  a 
soil  analysis  if  feasible;  if  not,  assumptions  should  be 
based  on  inspection  of  local  building  types. 

2.  If  the  building  is  to  be  constructed  of  wood,  ter- 
mite protection  will  be  necessary . Soil  under  and  around 
the  building  should  be  treated  with  chlordane  or  hepta- 
chlor.  Pressure-treated  wood  should  be  used. 


3.  Depending  on  the  severity  of  local  wind  and  rain- 
fall conditions,  the  soil  around  the  foundation  should 
be  protected  front  erosion. 

4.  Once  site  conditions  have  been  analyzed,  the 
available  foundation  systems  should  be  reviewed  and 
the  best  type  used  in  the  building  design.  Raised-point 
supports  (or  stilts)  are  recommended  for  both  perma- 
nent and  temporary  buildings  whenever  feasible. 

5.  Concrete,  masonry,  or  treated  timber  are  the  rec- 
ommended materials  for  foundations. 

Floors 

Design  Considerations 

Raised  Floors.  Raised  floors  on  foundation  piers  are 
recommended  because  this  type  of  construction  allows 
the  floor  to  be  cooled  by  natural  ventilation.  To  insure 
that  the  desired  airflow  occurs,  the  openings  between 
the  floor  and  ground  should  be  as  large  as  possible.  Op- 
timum results  can  be  achieved  by  constructing  the 
building  one  full  story  above  the  groundplane.  Doing 
so  will  provide  a good  airflow,  reduce  termite  and  fun- 
gus problems,  and  provide  large,  shaded,  exterior  living 
and  storage  areas  at  grade  level 
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Raised  buildings  are  subject  to  higher  wind  loads 
than  conventional  buildings  at  grade  level  because  of 
the  higher  exposed  building  surface.  Hence,  buildings 
using  raised  floors  must  be  designed  to  insure  adequate 
anchorage  to  the  ground  and  stability  between  the  indi- 
vidual panels  and  the  foundations. 

On-grade  Floor  Systems.  Where  raised  floors  are  not 
feasible,  on-grade  floor  systems  are  used.  Slabs  on  grade, 
a floor  system  commonly  used  in  the  semitropical  region 
of  the  CONUS,  cannot  be  strongly  recommended  for 
other  tropic  regions  because  they  create  several  prob- 
lems. Since  the  floor  slab  is  in  direct  contact  with  the 
wet  ground.it  will  be  likely  to  create  moisture  problems 
unless  the  slab  is  properly  waterproofed  and  sealed.  In 
addition,  because  there  is  no  space  between  the  slab 
and  the  ground,  the  building  will  receive  more  reflected 
heat  from  the  ground,  natural  ventilation  cannot  be 
fully  utilized  to  cool  the  building,  and  it  will  be  more 
difficult  to  control  infestation  by  subterranean  termites. 

Construction  Practices 

Moisture  Control.  Floor  systems  in  tropical  regions 
are  exposed  fairly  often  to  highly  humid  air  and  moist 
soil  conditions.  Raised  floors  should  have  very  few 
moisture-related  problems.  To  reduce  the  amount  of 
moisture  that  may  come  up  from  the  ground  when  a 
slab-on-grade  system  is  used,  a 4-  to  6-mil  polyethylene 
vapor  barrier  should  be  placed  over  4 to  6 in.  ( 10  cm  to 
15  cm)  of  gravel,  which  is  placed  on  top  of  the  soil. 
The  gravel  serves  as  a capillary  break  to  stop  ground- 
water  flow,  and  the  vapor  barrier  is  used  to  stop  water 
vapor  from  rising.  Special  consideration  should  be 
given  to  insuring  that  the  floor/wail  joint  detail  is 
watertight,  as  that  area  is  one  in  which  sealing  prob- 
lems commonly  occur. 

Insulation.  Insulation  in  the  floor  system  of  a natu- 
rally ventilated  tropical  building  provides  no  real 
benefits.  For  air-conditioned  buildings,  insulation  is 
required.  Tire  size  and  type  should  be  determined  by 
the  HVAC  designer. 

Expansion  Joints.  Interior  floors  are  not  subject  to 
the  same  heat  extremes  as  the  roof  and  the  walls;  there- 
fore. separation  joints  are  needed  between  the  floor 
and  the  wall  systems  to  allow  for  thermal  movement. 

Material  Usage 

General.  In  fully-air  conditioned  buildings,  any  of 
the  common  flooring  materials  may  be  used.  In  natu- 
rally ventilated  buildings  fewer  choices  are  available 


because  of  the  problems  of  humidity,  dirt  accumula- 
tion, and  pests.  For  reasons  of  hygiene,  only  easily 
cleaned  materials  as  shown  in  Figure  14  should  be 
used  for  floor  finishes.  The  following  sections  list  and 
discuss  the  best  materials  for  naturally  ventilated 
buildings. 

Wood.  Hardwood  flooring,  if  protected  from  mois- 
ture extremes  and  termites,  is  a suitable  flooring  mate- 
rial. Oak  and  maple  have  performed  satisfactorily,  but 
the  native  species  listed  in  Appendix  C can  also  be 
used.  Pressure-treated  plywood  (exterior  grade)  may 
also  be  used  for  flooring  if  protected  from  excessive 
moisture. 

Concrete.  Concrete  floors  have  proven  to  be  satis- 
factory for  tropical  buildings.  Additives  such  as  color 
pigments,  hardeners,  and  nonslip  agents  are  suitable 
for  use  provided  they  contain  no  ferrous  materials. 
Moisture-curing  polyurethane  coatings  (TT-C-542)  are 
recommended  for  floors  where  abrasion  resistance  and 
protection  from  acids,  alkalis,  and  solvents  is  needed. 
See  sections  on  “Concrete"  and  “Reinforcing  Steel" 
for  more  specific  recommendations  on  the  materials 
to  be  used  and  the  construction  process  to  be  followed. 

Tile.  Asphalt,  vinyl-asbestos,  and  flexible  vinyl  tile 
flooring  materials  may  be  used  for  general-purpose 
spaces.  Vinyl  asbestos  and  similar  floor  tiles  should  be 
warmed  to  facilitate  cutting  and  bending  during  instal- 
lation and  to  provide  good  initial  contact  with  the  stiff 
tar-mastic  used  to  glue  them  in  place.  Slabs  on  grade 
present  problems  for  tiling  if  they  are  not  adequately 
waterproofed.  Moisture  trapped  under  the  tile  will 
cause  the  tiles  to  blister.  When  covering  an  unprotected 
slab,  only  permeable  tile  should  be  used.  Quarry  tile  is 
recommended  for  kitchen  areas  and  other  similar 
spaces.  Ceramic  tile  is  recommended  for  bathrooms 
and  shower  stalls.  Rased  on  NAVFAC's  experience,7 
cork  tile,  rubber  tile,  and  linoleum  should  not  be  used 
in  naturally  ventilated  buildings. 

Terrazzo.  Because  it  provides  a continuous, smooth, 
and  easily  cleaned  surface,  terrazzo  is  a suitable  material 
for  the  tropics.  Where  hygiene  is  important  (as  in 
health-care  facilities)  terrazzo  is  an  excellent  material 
because  the  small  number  of  joints  reduces  bacterial 
and  dirt  accumulation. 


Materials  Criteria  Jur  Construction  in  tropical  environ- 
ments. NAVI  At  INST  1 101 2.98 A (Department  of  the  Navy. 
1967),  p 22. 
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Figure  14.  Recommended  flooring  example. 


3.  Joints  should  be  provided  between  floor  and  wall 
systems  to  allow  free  movement  for  thermal  expan- 
sion or  contraction. 


4.  Concrete  floors  are  recommended  for  permanent 
buildings.  Pressure-treated  lumber  and  plywood  are 
satisfactory  for  temporary  buildings. 


5.  Cork  tile,  rubber  tile,  and  linoleum  should  not 
be  used  in  naturally  ventilated  buildings.  In  fully  air- 
conditioned  buildings,  most  floor  covering  materials 
can  be  used. 


More  substantial  wall  types,  such  as  masonry  and 
concrete,  will  undoubtedly  be  required  for  certain 
building  types.  Cavity  and  solid-wall  construction,  un- 
fortunately, utilize  building  materials  which  have  high 
heat  storage  or  conductive  capacities.  To  offset  these 
undesirable  characteristics  these  wall  materials  need  to 
be  insulated  from  the  outdoor  extremes  if  they  cannot 
be  shaded  effectively.  However,  insulation  alone  will 
not  be  adequate  because  heat  will  eventually  build  up 


Summary  ami  Recommendations 

1.  A raised-floor  system  should  be  used  whenever 
possible  for  both  permanent  and  temporary  buildings. 


2.  If  on-grade  floor  systems  are  required,  a 4-  to 
6-mil  polyethylene  vapor  barrier  should  be  placed  be- 
tween the  floor  slab  and  a 4-  to  6-in.  (10  cm  to  15  cm) 
gravel  base  course  to  prevent  or  reduce  moisture  com- 
ing up  from  the  ground. 


Exterior  Walls 

Design  Considerations 

Wall  Types.  Lightweight  frame  construction  pro- 
vides the  best  type  of  wall  for  naturally  ventilated 
tropical  buildings.  The  wall's  primary  function  is  to 
provide  protection  from  the  sun  and  rain.  If  shaded, 
such  a wall  system  will  heat  very  little  and  inside  tem- 
peratures will  remain  very  close  to  outside  tempera- 
tures. If  not  shaded,  the  walls  will  heat  considerably 
and  cause  the  interior  spaces  to  become  uncomfort- 
able. The  drawbacks  to  this  type  of  wall  system  are 
reduced  security  and  poor  noise  insulation. 


Raised  buildings  are  subject  to  higher  wind  loads 
than  conventional  buildings  at  grade  level  because  of 
the  higher  exposed  building  surface.  Hence,  buildings 
using  raised  floors  must  be  designed  to  insure  adequate 
anchorage  to  the  ground  and  stability  between  the  indi- 
vidual panels  and  the  foundations. 

On-grade  Floor  Systems.  Where  raised  floors  are  not 
feasible,  on-grade  floor  systems  are  used.  Slabs  on  grade, 
a floor  system  commonly  used  in  the  semitropical  region 
of  the  CONUS,  cannot  be  strongly  recommended  for 
other  tropic  regions  because  they  create  several  prob- 
lems. Since  the  floor  slab  is  in  direct  contact  with  the 
wet  ground,  it  will  be  likely  to  create  moisture  problems 
unless  the  slab  is  properly  waterproofed  and  sealed.  In 
addition,  because  there  is  no  space  between  the  slab 
and  the  ground,  the  building  will  receive  more  reflected 
heat  from  the  ground,  natural  ventilation  cannot  be 
fully  utilized  to  cool  the  building,  and  it  will  be  more 
difficult  to  control  infestation  by  subterranean  termites. 

Construction  Practices 

Moisture  Control.  Floor  systems  in  tropical  regions 
are  exposed  fairly  often  to  highly  humid  air  and  moist 
soil  conditions.  Raised  tloors  should  have  very'  few 
moisture-related  problems.  To  reduce  the  amount  of 
moisture  that  may  come  up  from  the  ground  when  a 
slab-on-grade  system  is  used,  a 4-  to  6-mil  polyethylene 
vapor  barrier  should  be  placed  over  4 to  6 in.  ( 1 0 cm  to 
15  cm)  of  gravel,  which  is  placed  on  top  of  the  soil. 
The  gravel  serves  as  a capillary  break  to  stop  ground- 
water  llow,  and  the  vapor  barrier  is  used  to  stop  water 
vapor  from  rising.  Special  consideration  should  be 
given  to  insuring  that  the  fioor/wall  joint  detail  is 
watertight,  as  that  area  is  one  in  which  sealing  prob- 
lems commonly  occur. 

Insulation.  Insulation  in  the  floor  system  of  a natu- 
rally ventilated  tropical  building  provides  no  real 
benefits.  For  air-conditioned  buildings,  insulation  is 
required.  The  size  and  type  should  be  determined  by 
the  IIVAC  designer. 

Expansion  Joints.  Interior  tloors  are  not  subject  to 
the  same  heat  extremes  as  the  roof  and  the  walls;  there- 
fore. separation  joints  are  needed  between  the  floor 
and  the  wall  systems  to  allow  for  thermal  movement. 

Mah  ria / Usage 

General.  In  fully-air  conditioned  buildings,  any  of 
the  common  flooring  materials  may  be  used.  In  natu- 
rally ventilated  buildings  fewer  choices  are  available 


because  of  the  problems  of  humidity,  dirt  accumula- 
tion, and  pests.  Foi  reasons  of  hygiene,  only  easily 
cleaned  materials  as  shown  in  Figure  14  should  be 
used  for  floor  finishes.  The  following  sections  list  and 
discuss  the  best  materials  for  naturally  ventilated 
buildings. 

Wood.  Hardwood  flooring,  if  protected  from  mois- 
ture extremes  and  termites,  is  a suitable  flooring  mate- 
rial. Oak  and  maple  have  performed  satisfactorily,  but 
the  native  species  listed  in  Appendix  C can  also  be 
used.  Pressure-treated  plywood  (exterior  grade)  may 
also  be  used  for  flooring  if  protected  from  excessive 
moisture. 

Concrete.  Concrete  tloors  have  proven  to  be  satis- 
factory for  tropical  buildings.  Additives  such  as  color 
pigments,  hardeners,  and  nonslip  agents  are  suitable 
for  use  provided  they  contain  no  ferrous  materials. 
Moisture-curing  polyurethane  coatings  (TT-C-542)  are 
recommended  for  floors  where  abrasion  resistance  and 
protection  from  acids,  alkalis,  and  solvents  is  needed. 
See  sections  on  “Concrete"  and  “Reinforcing  Steel" 
for  more  specific  recommendations  on  the  materials 
to  be  used  and  the  construction  process  to  be  followed. 

Tile.  Asphalt,  vinyl-asbestos,  and  flexible  vinyl  tile 
flooring  materials  may  be  used  for  general-purpose 
spaces.  Vinyl  asbestos  and  similar  floor  tiles  should  be 
warmed  to  facilitate  cutting  and  bending  during  instal- 
lation and  to  provide  good  initial  contact  with  the  stiff 
tar-mastic  used  to  glue  them  in  place.  Slabs  on  grade 
present  problems  for  tiling  if  they  are  not  adequately- 
waterproofed.  Moisture  trapped  under  the  tile  will 
cause  the  tiles  to  blister.  When  covering  an  unprotected 
slab,  only  permeable  tile  should  be  used.  Quarry  tile  is 
recommended  for  kitchen  areas  and  other  similar 
spaces.  Ceramic  tile  is  recommended  for  bathrooms 
and  shower  stalls.  Based  on  NAVFACs  experience,7 
cork  tile,  rubber  tile,  and  linoleum  should  not  be  used 
in  naturally  ventilated  buildings. 

Terrazzo.  Because  it  provides  a continuous. smooth, 
and  easily  cleaned  surface,  terrazzo  is  a suitable  material 
for  the  tropics.  Where  hygiene  is  important  (as  in 
health-care  facilities)  terrazzo  is  an  excellent  material 
because  the  small  number  of  joints  reduces  bacterial 
and  dirt  accumulation. 
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in  the  wall  materials  and  some  of  it  will  radiate  into 
the  interior  spaces.  Since  air  temperatures  in  the 
tropics  remain  fairly  constant,  it  is  very  difficult  to 
remove  this  stored  heat  by  natural  means. 

Wall  Openings,  Fxtensive  ventilation  is  required  for 
nonair-conditioned  buildings  because  of  the  constantly 
high  temperature  and  humidity  levels.  In  some  tropical 
areas  up  to  90  percent  of  the  wall  areas  of  a building 
have  been  used  to  achieve  acceptable  air  movement 
through  habitable  spaces.8  To  provide  good  cross- 
ventilation. buildings  need  to  be  properly  oriented  to 
the  prevailing  winds  and  designed  to  encourage  airflow 
through  the  building.  Building  orientation  was  dis- 
cussed in  the  planning  section.  “Climatic  Constraints.” 
Cross-ventilation  is  physically  encouraged  by  several 
means.  Building  forms  which  are  elongated  perpen- 
dicularly to  the  wind  (as  shown  in  Figure  15)  increase 
the  internal  airflow.  Where  an  elongated  shape  is  not 
practical,  a U-shaped  or  rectangular  form  with  central 
courtyards  is  recommended.  Figure  16  shows  how  the 
central  space  serves  as  an  outlet  vent  to  produce  the 
needed  ventilation. 

The  position  of  wall  openings  is  all-important  in 
establishing  an  effective  airflow,  as  shown  in  Figure  17. 
The  following  diagrams  show  how  the  vertical  position- 
ing of  wall  openings  changes  the  airflow  pattern.  Where 
possible  the  openings  should  run  from  floor  to  ceiling 
and  be  fitted  with  adjustable  sashes. 

Operable  panels,  canopies,  and  louvers  all  provide 
control  over  the  penetration  and  direction  of  air  cur- 
rents. Operable  panels  can  be  made  of  a glazed  or 
opaque  material.  Since  glass  transmits  heat  so  readily, 
its  use  should  be  kept  to  a minimum.  Capturing  and 
directing  winds  parallel  to  wall  openings  is  best  accom- 
plished by  operable  casement  panels.  Awning  type 
panels  should  be  used  low  in  the  wall  for  inlets,  and 
hopper  or  reversible  pivot  types  should  be  used  for  out- 
lets and  high  inlets.  Canopies  and  overhangs  are  used 
for  rain  and  sun  protection,  but  they  also  influence  the 
airflow.  It  has  been  found  that  by  leaving  a gap  be- 
tween the  wall  and  the  canopy,  a downward  airflow 
will  occur,  as  shown  in  Figure  18.9 


X.  Saini.  Architecture  in  Tropical  Australia  < Melbourne 
University  Press,  1970).  p 29 

’()  If  Kocnigsberger.  et  al  . Manual  of  Tropical  /lousing 
and  lluihling,  Tart  One  Climatic  Design  (Longman,  1973), 
p 126. 


Fxternal  louvers  may  also  present  airflow  problems. 
Because  they  are  typically  designed  to  slant  outwards 
for  weatherproofing,  an  upward  air  flow  is  caused.  It 
louvers  of  this  type  are  used  they  should  be  placed  low 
in  the  wall  and  kept  to  fairly  flat  angles,  as  shown  in 
Figure  lo. 

Weatherproofing  problems  arise  when  protection 
from  wind-driven  rain  and  maintenance  of  good  airflow 
are  required  simultaneously.  The  use  of  unprotected 
adjustable  panels  and  louvers  to  maintain  an  airflow  in 
storm  conditions  has  not  proven  satisfactoiy.  Only 
through  the  use  of  large  overhangs  and  high  vents,  or 
overhanging  covers  for  lower  vents,  can  air  movement 
occur  and  the  exterior  remain  dry  (see  Figure  20) 

Shading  Devices.  Walls  can  be  protected  from  the 
sun  through  the  use  of  horizontal,  vertical,  or  egg-crate 
devices.  Horizontal  devices  are  typically  roof  and  floor 
overhangs  and  are  effective  at  providing  shade  on  the 
north  and  south  walls.  Vertical  shading  devices  are  less 
frequently  used  and  usually  take  the  form  of  end  and 
screen  walls.  They  are  effective  at  shading  east  and 
west  wall  areas  from  the  early  morning  and  late  after 
noon  sun.  Figure  21  shows  how  both  horizontal  over- 
hangs and  vertical  screen  walls  can  be  used  effectively 
to  provide  shade  Fgg-crate  devices,  a combination  of 
horizontal  and  vertical  shades,  are  used  to  provide 
shade  for  any  orientation.  Since  the  design  of  these 
devices  is  dependent  on  site  conditions,  the  building 
form,  and  other  parameters,  a detailed  explanation  is 
beyond  the  scope  of  this  report. 

Construction  Practices 

Surface  Treatment.  The  finish  of  an  exterior  wall 
determines  to  a great  extent  the  amount  of  solar  heat 
that  the  wall  will  absorb.  A light-colored  surface  (e.g..  a 
white  painted  wall)  reflects  75  percent  of  the  solar 
radiation  which  strikes  it,  whereas  a slightly  darker 
surface  (e.g  . one  painted  light  gray  ) reflects  only  25 
percent.  The  more  a building  is  like  a mirror  (85  per- 
cent - 90  percent  reflective),  the  more  efficient  it  is 
in  reducing  solar  heat  gains.  However,  this  concept 
cannot  be  directly  applied  to  where  buildings  are 
grouped  because  the  reflected  heat  and  light  from 
these  buildings  will  cause  excessive  glare  and  locally 
overheated  ground  and  air  temperatures. 

Because  of  humidity  variations  between  the  inside 
and  outside,  vapor  barriers  should  not  be  used  in  the 
external  walls  of  nonair-conditioned  buildings.  The  use 
of  porous  paints  (emulsion  type)  is  recommended  to 
keep  moisture  from  accumulating  on  the  inside  face  of 
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Figure  17.  Wall  opening  placement. 


a.  Poor  Air  Flow 


b.  Good  Air  Flow 


Figure  18.  Overhang  design. 


o.  Poor  Placement 


b.  Good  Placement 


Figure  19.  Louver  positioning. 
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Figure  20.  Overhung  placement. 
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Figure  21.  Overhang  example. 


the  paint  film,  forming  blisters,  anti  causing  the  paint 
to  peel  off.  Air-conditioned  buildings,  however,  require 
a vapor  barrier  at  the  inside  face  of  tiie  wall  section. 
Without  one.  walls  quickly  pick  up  moisture  and  severe 
peeling  occurs,  as  shown  in  Figure  22. 

Wind  Considerations.  High  winds  are  common  in 
tropical  aieas.  and  their  effects  on  the  wall  system  ot 
■i  building  can  be  disastrous.  The  wall  system  must  be 
well  tied  together  and  adequately  supported  by  the 
roof  and  floor  systems.  I he  use  ot  transverse  shear 
walls  is  highly  recommended  in  buildings  with  wall 
openings  occurring  on  one  or  two  building  laces.  The 


use  of  a continuous  bond  beam  is  also  recommended 
as  it  provides  the  wall  with  lateral  support,  buttresses 
or  pilasters  may  be  required  to  stiffen  longer  walls  Pro- 
truding wall  elements  such  as  parapets  or  sun  screens 
are  particularly  vulnerable  to  wind  damage  and  should 
be  well  anchored. 

Pest  Control.  I lie  numerous  mosquitos  and  llies  in 
tropical  regions  cause  discomfort  as  well  as  health 
problems  buildings  must  be  protected  against  them. 
Screening  materials  need  to  be  strong,  rustprool.  and 
durable.  Nylon  netting  is  typically  used  and  is  \er> 
durable  l nfortunateK . it  restricts  the  antlow  from 


35  to  70  percent  depending  on  mesh  size.  Because  of 
this  reduction  in  wind  speeds,  openings  need  to  be  as 
large  as  possible.  Operable  openings  in  air-conditioned 
buildings  also  need  insect  protection.  Doors  must  be 
fitted  tightly  into  their  frames  and  thresholds  to  pre- 
vent any  gaps  through  which  insects  may  enter.  Ter- 
mite attack  on  the  wall  system  can  be  prevented  if  the 
measures  outlined  in  the  previous  section  on  founda- 
tions are  followed. 

Insulation.  Wall  insulation  may  be  used  in  nonair- 
conditioned  buildings  within  any  walls  that  are  not  to 
be  shaded,  typically  the  east  and  west  walls.  Insulation 
must  be  used  in  air-conditioned  buildings  to  limit  the 
heat  gain  as  much  as  possible.  The  amount  of  insula- 
tion needed  will  depend  on  the  individual  application. 

Material  Usage 

Structural  Wall  Members.  Concrete  is  a suitable  ma- 
terial for  wall  construction  of  air-conditioned  buildings. 
However,  it  is  not  a suitable  material  for  naturally  ven- 
tilated buildings  except  those  that  can  be  properly 
shaded  because  it  has  a large  heat  storage  capacity. 
Other  problems  can  aiso  arise  with  the  use  of  concrete. 
Humic  acids  can  damage  concrete  near  the  ground 


unless  it  has  been  protected  by  bitumen  paint.  Con- 
crete walls  are  subject  to  algae  growth,  as  can  be  seen 
in  Figure  23.  especially  exterior  wall  surfaces  of  air- 
conditioned  spaces.  Walls  can  be  protected  by  use  of 
a silicone  resin  sealer  or  by  a chemical  wash  (1  percent 
copper  sulfate  solution,  followed  by  a wash  with  5 
percent  soap  solution). 

Concrete  masonry  is  similar  in  most  respects  to 
poured  concrete  and  is  subject  to  the  same  restrictions. 
It  is  a satisfactory  wall  material  in  tropic  environments 
except  that  its  porosity  may  cause  some  problems. 
Masonry  units  should  be  well  vibrated  to  reduce  po- 
rosity and,  when  possible,  autoclave  cured  to  reduce 
shrinkage.  Weep  holes  should  be  provided  over  bond 
beams  and  other  solid  precast  members  in  all  exterior 
hollow  block  walls.  These  holes  will  allow  infiltrated 
water  to  drain  to  the  outside.  The  effects  of  water 
infiltration  can  also  be  reduced  by  exterior  surface 
treatment.  Suggested  treatment  is  given  in  the  section 
on  paint  and  coating. 

Stabilized  earth  can  be  used  for  wall  construction 
where  local  soils  are  suitable.  Adobe  walls  can  be  con- 
structed by  making  adobe  bricks,  setting  them  in  place. 
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and  plastering  over  them  with  a layer  of  soil  cement. 
Rammed  earth  walls  are  constructed  using  soil  stabi- 
lized by  a binder  (usually  between  3 and  20  percent  of 
the  soil  volume  is  cement,  bitumin,  resin,  or  other 
simple  binder  depending  on  soil  composition).  Soil 
is  then  tamped  into  a set  of  movable  wall  forms.  If 
properly  stabilized,  the  earthern  walls  are  weathertight 
and  resistant  to  pest  infiltration. 

Frame  walls  are  used  to  support  exterior  and  in- 
terior cladding  materials  best  suited  for  tropical  con- 
ditions. Restrictions  on  frame  construction  are  few. 
Wood  used  lor  framing  must  be  pressure  treated.  When 
both  metal  framing  and  cladding  systems  are  used, 
either  the  cladding  and  framing  should  be  of  the  same 
->  material  or  suitable  insulating  materials  should  be  used 

to  prevent  corrosion  problems. 

Cladding.  Galvanized  sheet-metal  siding  has  proven 
acceptable  if  covered  with  a protective  coating.  Unpro- 
, tected  sheets  corrode  rapidly  under  tropical  conditions. 

See  the  Paints  and  Coating  section  for  specific  coating 
recommendations.  Poorly  detailed  horizontal  joint  will 
also  cause  the  metal  panels  to  corrode  rapidly  as  can  be 
seen  in  Figure  24.  To  prevent  this  type  of  problem,  a 
drip  should  be  provided  along  the  bottom  edge  of  the 
upper  panel  as  shown  in  Figure  25.  This  device  will 
prevent  water  or  moisture  from  becoming  entrapped 
along  the  joint  between  the  panels. 

> Aluminum  sheet  metal  with  a minimum  thickness  of 

0.032  in.  (0.8  mm)  (20  gage)  is  suitable  for  use  as  wall 
cladding.  However,  contact  with  more  noble  metals 
(steel  or  copper  for  example)  or  with  plant  acids  (over- 
ripe fruit,  etc.)  will  cause  corrosion  and  should  be 
avoided.  Anodized  aluminum  has  greater  corrosion 
resistance,  an  extremely  good  reflectance  value  (85  per- 
cent initially  and  50  percent  after  weathering),  and 
offers  color  variety.  Thickness  of  the  anodizing  treat- 
ment varies  from  0.0004  to  0.001  in.  (0.01  to  0.025 
mm)  depending  on  the  local  climate's  corrosion  poten- 
tial. The  siding  should  be  securely  attached  with  alumi- 
num or  stainless-steel  fasteners.  , 

Baked-enamel  sheet  metal  has  recently  emerged  as 
a very  durable  wall-cladding  material  for  use  in  tropical 
locations.  Care  must  be  taken  to  protect  the  enamel 
finish,  as  it  prevents  the  metal  from  corroding.  The 
finish  requires  very  little  maintenance,  and  panels  come 
in  a variety  of  colors. 


However,  since  its  surface  is  prone  to  algae  growth, 
it  requires  periodic  washing  with  a copper  suit  ale  solu- 
tion. Since  asbestos  cement  is  a very  brittle  material, 
it  cracks  and  punctures  easily  and  thus  should  not  be 
used  on  structures  subject  to  moving  or  racking.  Suni- 
lariy,  asbestos-cement  shingles  should  not  be  used  as 
cladding  since  they  are  easily  broken  (see  Figure  26). 

Corrugated  fiberglass  is  an  excellent  cladding  mate- 
rial but  should  be  backed  by  an  interior  surfacing  mate- 
rial such  as  hardboard  or  plasterboard.  The  backing  is 
needed  for  structural  support  and  acoustic  insulation. 
Other  types  of  plastic  panels  vary  in  durability  and 
their  long-term  performance  in  the  tropics  needs  to  be 
tested  further. 

Stucco  provides  an  adequate  external  wall  covering 
for  tropical  locations.  The  construction,  however,  is 
time  consuming  taking  21  days  to  complete.  The  ex- 
terior surface  is  subject  to  algae  growth  and  requires 
treatment  similar  to  that  used  for  concrete  walls.  If 
exposed  to  intense  sunlight  and  rain,  crazing  may  occur 
because  of  differential  shrinkage  and  expansion.  An 
advantage  of  stucco  finishes  is  that  they  are  easily 
patched:  however,  an  incomplete  patch  such  as  that 
shown  in  Figure  27  offers  very  little  protection  and 
should  not  be  allowed. 

The  suitability  of  pressure-treated  wood  panels  as  a 
wall  cladding  material  has  not  yet  been  determined. 
The  fungus  and  molds  that  thrive  in  the  hot.  humid 
climate  weaken  wood,  and  the  rotting  process  is  ac- 
celerated. Exposure  testing  is  needed  before  recom- 
mendations can  be  made  Wood  siding  should  definitely 
not  be  used  unless  it  is  pressure-treated  to  prevent  ter- 
mite attack  and  to  retard  decay.  Figure  28  shows  a 
building  in  the  Panama  Canal  Zone  whose  siding  has 
been  badly  rotted  and  damaged  by  termites. 

Wall  Opening  Inserts.  Clad  aluminum  alloy  screen 
has  proven  satisfactory  for  general  use.  In  more  corro- 
sive environments  vinyl-coated  aluminum,  fiberglass,  or 
nylon  screens  are  best  suited.  Nylon  is  a recommended 
scfeerting  material,  but  it  is  subject  to  shrinkage  and 
punctures  and  it  hums.  Fiberglass  is  much  stronger, 
more  fire  resistant,  and  does  not  shrink.  Screens  should 
be  of  a number  16  or  18  mesh,  and  perimeter  splines 
should  be  used  to  hold  the  screen  into  the  frame. 

Glazing.  Single-pane  reflective  glass  is  typically  used 
for  nonair-conditioned  buildings.  It  should  be  properly 
shaded  because  of  the  large  amount  of  heat  that  un- 
shaded single-pane  glass  transmits.  The  use  of  reflective 


Asbestos-cement  sheet  siding  is  well  suited  for 
tropical  use.  It  is  particularly  resistant  to  corrosion. 


32 


V*  - - . *1to!iJUE5tfeL‘t.  <X  _ 


Water  Drip 


BLOW  UP  OF  JOINT 


NOTE  Provide  Drip  Along  Horizontal 
Woll  Joints  to  Prevent  Moisture 
Penetration  a Corrosion. 


Metal  Wall  Panels 


WALL  SECTION 


Figure  25.  Recommended  metal-pane!  joint  design 


Figure  26.  Asbestos-cement  shingle  crackagi 


Figure  2N.  Deteriorated  wood  siding. 


double  glazing  is  recommended  for  air-conditioned 
buildings  to  minimize  heat  transfer.  Glazing  is  subject 
to  mold  growth  and  so  must  be  periodically  cleaned. 

Doors.  Sheet  glass  and  properly-protected  metal- 
clad  doors  are  acceptable  and  commonly  used  in  the 
tropics.  Metal  doors  should  be  equipped  with  overlap- 
ping seals  on  the  door  frame  to  prevent  the  entry  of 
moisture.  Pressure-treated  wooden  doors  are  accept- 
able, but  their  durability  may  be  limited. 

Louvers.  The  best  materials  for  ventilation  louvers 
are  stainless  steel,  aluminum,  glass,  and  fiberglass. 
Wood,  unless  pressure  treated,  should  not  be  used. 

Summary  Recommendations 

Permanent  Buildings.  The  use  of  lightweight  wall 
systems  is  highly  recommended  for  permanent  facili- 
ties. Their  advantages  are  speed  of  assembly,  durability 
of  materials,  and  ease  of  placing  wall  openings  in  the 
panels.  Although  concrete  and  concrete  masonry  are 
also  suitable  for  wall  construction,  they  are  not  the 
best  materials  to  use  unless  they  can  be  properly  shaded 
because  of  their  high  heat-storage  property.  The  exter- 
nal wall  color  should  be  very  light  and  reflective  if  the 
building  is  fairly  isolated  but  should  be  a more  subdued 
tone  if  the  building  is  in  an  urban  setting.  If  the  build- 
ing is  to  be  air  conditioned,  insulation,  double  glazing, 
and  adequate  weatherstripping  around  all  wall  openings 
will  be  required. 

Theater-of-Operations  Buildings.  Lightweight  frame 
walls  are  especially  suitable  for  temporary  construc- 
tion. Pressure-treated  wood  is  a good  framing  and  clad- 
ding material  because  it  is  easily  assembled,  simple  to 
repair,  and  should  not  deteriorate  during  the  short  use 
cycle.  Glazing  should  be  used  sparingly,  if  at  all.  In- 
stead, screened  openings  with  plywood  cover  panels 
are  suggested  for  general  use.  Fixed  louvers  are  recom- 
mended over  adjustable  ones  because  they  require 
much  less  maintenance.  The  external  colors  should  be 
light  whenever  possible. 

Roofs 

Design  Considerations 

Roofing  systems  are  subjected  to  the  most  signifi- 
cant environmental  stresses  of  any  component  of  a 
building  in  the  tropics.  The  tropical  roof  must  provide 
adequate  protection  from  intense  solar  radiation,  oc- 
casionally destructive  winds,  intense  periods  of  precipi- 
tation. and  the  growth  of  fungi  and  mold  resulting 
from  high  relative  humidity. 


The  ultimate  purpose  of  the  tropical  roof  is  to 
insure  that  the  radiant  heat  gain  to  the  building  interior 
does  not  increase  the  interior  temperature  above  that 
of  the  exterior  air.  The  roofs  exterior  surface  must 
therefore  have  a high  reflectance  value  as  well  as  high 
resistance  to  intense  solar  radiation  and  humidity. 

Construction  Practices 

The  initial  concern  in  the  design  of  a tropical  roof 
is  direct  and  reflected  radiation.  High  reflectivity  of 
the  outermost  roof  surface  will  insure  that  not  all  of 
the  solar  radiation  is  absorbed  in  the  roof  materials 
and  transferred  to  the  building  interior  below.  The 
color,  surface  structure,  and  age  or  condition  of  this 
layer  will  determine  the  intensity  of  radiation  reflected. 
Abundant  evidence  suggests  that  metal  roofs  or  those 
of  a color  approaching  white  are  most  effective.10  New 
aluminum  sheeting  has  the  highest  reflectance  value 
and  is  closely  followed  by  whitewashing  of  other  sur- 
faces. Whitewashing  is  the  simplest  method,  although  it 
involves  periodic  maintenance,  while  aluminum  sheet- 
ing is  expensive  and  its  high  level  of  reflectivity  decreases 
with  age.  In  addition,  the  net  heat  gain  for  white  sur- 
faces is  lower  than  for  aluminum. 

In  addition  to  using  a highly  reflective  outer  surface, 
heat  gain  can  be  prevented  by  installing  a second  pro- 
tective layer  as  a ceiling.  In  effect,  a double  roof  is 
created  as  shown  in  Figure  29.  The  air  space  between 
is  ventilated  to  carry  out  heat  by  convection.  The 
depth  of  this  space  must  be  great  enough  to  insure 
sufficient  air  movement  and  to  provide  access  for  in- 
spection and  maintenance.  This  lower  level  or  ceiling 
is  an  appropriate  location  for  insulation.  Aluminum 
foil  placed  over  the  insulation  is  also  effective  in  re- 
flecting heat  which  has  penetrated  the  outer  roof.  One 
performance  specification  of  interest  states  that  the 
ceiling  temperature  should  not  exceed  the  air  tem- 
perature by  more  than  7°F  (4°C).  To  achieve  this 
temperature,  insulation  with  a U value  of  0.56  BTU/ 
hr-ft2  deg  F (1.5  W/m2°C)  should  be  used.  The  equiva- 
lent resistance  (R=l/u)  is  1.78.  This  amount  of  insula- 
tion required  is  negligible.  For  example,  the  resistance 
of  3/4-in.  (1.9  cm)  acoustical  tile  is  1.78,  and  that  of 
1-in.  (2.54  cm)  cellula  glass  is  2.44, 11  Insulation  at  the 
second  level  is  used  to  prevent  absorbed  heat  from 


10G.  Lippsmeier.  Building  in  the  Tropics  (Ver  ag  Georg  1) 
W.  Calhvey,  1969).  p 165 

nC.  G.  Ramsey  jnci  H.  R Sleeper,  Architectural  Graphic 
Standards  (John  Wiley  and  Sons.  1970).  p 320. 
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entering  the  interior,  insulation  should  not  be  installed 
in  the  outer  roof  because  it  may  cause  higher  roof 
temperatures  which  would  damage  roofing  materials 
and  speed  their  deterioration. 

Roof  eaves  can  also  be  employed  effectively  to  re- 
duce heat  gain  through  the  walls.  They  will  also  keep 
rain  off  of  windows  and  walls  and  will  provide  addi- 
tional shade.  To  be  effective,  the  eaves  should  project 
at  least  4 ft  ( 1 .2  m)  beyond  the  wall. 

The  slope  of  the  tropical  roof  is  the  second  major 
concern.  The  outer  roofing  layer  must  be  selected  to 
shed  water  effectively.  Also  as  Figure  30  illustrates,  a 
roof  with  a low  slope  can  become  covered  with  debris. 
Roof  slope  plays  an  important  role  since  the  greater 
the  slope,  the  greater  the  runoff  speed. 

Joints  in  the  outer  layer  of  the  roofing  material 
must  be  successful  in  preventing  wind-driven  rain  from 
entering  the  building  interior.  Movement  of  the  outer 
layer  at  the  joints  must  also  be  considered.  Thermal 
shock  due  to  sudden  temperature  changes  (for  exam- 
ple, during  rains)  and  expansion  due  to  high  tempera- 
tures require  fairly  flexible  roofing  materials  and 
connections.  Movement  of  the  roof  must  be  accepted 
so  that  cracks,  breaks,  and  joint  failures  do  not  permit 
water  damage. 


During  intense  rains,  the  runoff  rate  is  an  important 
consideration  because,  unless  protected,  the  ground 
and  foundations  will  be  subject  to  erosion.  Concrete 
aprons  or  gravel  should  be  installed  below  eaves.  Gravel 
may  be  a better  choice  since  the  fairly  intense  winds 
during  tropical  rain  storms  can  drive  spray  from  rain 
hitting  the  apron  up  onto  the  exterior  wall  and  cause 
weathering  problems.  In  the  tropics  gutters  often 
create  more  problems  than  they  solve.  High  runoff 
rates  can  overflow  or  overburden  the  gutter.  Also,  if 
improperly  installed,  gutters  will  collect  debris  and 
promote  the  growth  of  organic  material  which  can 
further  clog  the  gutter  and  cause  corrosion,  or  attack 
other  roofing  materials  (see  Figure  31). 

The  roof  slope  and  the  building  orientation  limit  the 
amount  of  radiation  hitting  the  roof  surface.  The  angle 
of  incidence  of  sunlight  to  the  roof  and  the  intensity 
of  direct  solar  radiation  can  be  calculated  for  specific 
climates  and  locations  to  provide  a method  for  deter- 
mining an  optimal  roof  slope  which  minimizes  heat 
gains.  Unfortunately,  there  is  some  concern  that  slope 
and  orientation  are  not  so  important  when  total  inci- 
dent solar  radiation  (not  only  direct  radiation  but  also 
that  from  the  skv  and  ground)  is  considered.  Tools  for 
the  design  of  tropical  roofs  are  available.12  Fla'  roofs 

l2(>  Lippsmeicr.  Huihhm  in  the  Tropics  (Verlag  Georg  I) 
W.  Calhvey,  1 9691 
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30.  Debris-covered  roof. 


Figure  31.  Grass  growing  in  roof  gutter. 


38 


should  be  avoided  because  of  the  greater  angle  of  inci- 
dence of  radiation,  low  runoff  rate,  and  potential 
ponding  problems. 

Wind  action  on  the  roof  is  the  third  design  concern. 
Wind  speed  is  generally  low  in  the  tropics  and  the 
direction  is  fairly  constant.  During  the  rainy  seasons, 
however,  wind  speeds  may  become  very  high.  Tropic 
roofs  should  be  designed  to  resist  uplift  or  suction 
forces,  impact  loads  from  flying  debris,  and  racking 
movements  which  can  loosen  connections  or  shatter 
certain  brittle  roofing  materials. 

To  reduce  the  potential  for  damage  to  tropical 
roofs,  the  designer  must  have  at  his  disposal  an  ac- 
curate assessment  of  anticipated  wind  loads  for  the 
building  site.  The  roof  can  then  be  designed  to  resist 
these  loads.  A better  solution  based  on  the  occasion- 
ally unpredictable  nature  and  intensity  of  tropical 
storms  is  to  design  the  roof  to  partially  fail  to  relieve 
pressure  concentrations.  In  the  latter  case  eaves  can  be 
designed  to  be  folded  down,  stored,  or  tied  down  dur- 
ing storm  warnings.13  Other  roofing  materials  at  the 
building  perimeter  can  be  designed  to  break  away, 
creating  a vent  which  reduces  losses  to  the  remainder 
of  the  roof.14  Another  concern  is  the  gable  or  end  wall 
roof  connections.  Loss  of  the  gable  wall  due  to  suction 
results  in  high  positive  pressures  beneath  the  roof.  In 
combination  with  suction,  this  accumulation  of  forces 
can  result  in  severe  damage.  Connections  at  the  gable 
wall  must  be  carefully  considered.15  Structural  connec- 
tions that  connect  the  foundation,  floor,  wall,  and  roof 
are  typically  called  cyclone  bolts.  Cyclone  bolts  pro- 
vide a dependable  connection  and  should  be  used  in 
high  wind  areas  (see  Figure  32). 

Material  Usage 

Sheet-metal  roofing  finds  wide  acceptance  in  the 
tropics  because  of  its  reflectivity,  economy,  and  ease 
of  handling  and  transport.  Corrugated  galvanized  iron 
(CGI)  has  been  widely  used,  but  its  use  should  be 
limited  to  temporary  construction.  It  is  not  recom- 
mended for  use  in  permanent  construction  because 


l3W  P.  Reps  and  E.  Simon,  Design,  Siring,  and  Construe 
lion  of  l.ow-Cost  Housing  and  Community  Huildings  to  Better 
Withstand  earthquakes  and  Windstorms.  Building  Science 
Series  4S  (National  Bureau  of  Standards.  1974) 

i4K  J Eaton  and  J B Menzies.  Boots,  Hooting  and  the 
Wind.  Bulletin  CP  75/74  (Building  Research  Station.  Garston. 
Watford,  England.  1974).  p 3. 

15l  aton  and  Menzies.  p 3 


corrosive  elements  in  tropical  environments,  especial- 
ly near  seacoasts.  cause  fairly  rapid  deterioration  of  the 
surface.  When  CGI  is  to  be  used,  the  minimum  thick- 
ness should  be  24  gauge.  The  metal  must  be  coated 
after  installation.  Joints  where  CGI  sheets  lap  should 
be  coated  or  sealed  with  bituminous  material.  Joints  in 
roofing  should  be  lapped  a minimum  of  two  corruga- 
tions. 

Aluminum  sheeting  is  a more  successful  alternative 
when  increased  material  cost  is  acceptable.  The  mini- 
mum thickness  is  18  gauge.  Although  new  aluminum 
sheeting  is  highly  reflective,  it  does  age.  and  reflectivity 
will  be  reduced  by  up  to  50  percent  without  periodic 
maintenance  and  cleaning.  Sheet  metal  which  has  been 
coated  with  a baked  enamel  coating  is  also  reported  to 
serve  satisfactorily  as  long  as  the  coating  has  not  been 
broken  or  damaged.  Availability,  however,  may  be  a 
problem. 

Sheet  or  corrugated  metal  roof  surfaces  can  serve 
quite  effectively  with  suitable  inspection  and  mainte- 
nance. An  added  advantage  is  that  metal  is  resistant  to 
impact  loads  from  falling  debris  during  tropical  storms. 
It  is  suggested,  however,  that  battens  be  used  over  the 
metal  to  insure  that  connections  will  not  fail  during 
storms.  Finally,  noise  can  be  a problem  with  metal 
roofs.  Rain.  wind,  or  debris  striking  a metal  roof  may 
be  disturbing  unless  noise  insulation  is  provided. 

Plastics  are  gaining  increased  acceptance  in  tropical 
climates,  but  little  evidence  is  available  to  qualify  this 
acceptance. 

Meta!  fasteners  and  timber  connectors  corrode 
rapidly  in  a tropical  environment.  Galvanized  steel  fas- 
teners are  an  acceptable  alternative,  athough  cement- 
coated  nails  and  tempered  aluminum  nails  can  also 
serve  successfully.  Fasteners  should  be  of  the  same 
material  as  the  roof  to  prevent  galvanic  action.  Other- 
wise. they  should  be  properly  insulated  to  prevent 
direct  contact. 

Cast-in-placc  concrete  is  a difficult  material  to  work 
with  in  the  tropics.  In  addition,  it  is  not  appropriate 
for  roof  construction  because  of  its  high  heat  stoiage 
properties.  See  the  section  on  concrete  in  Chapter  5 
lor  further  information  on  the  use  of  concrete  in 
tropical  regions. 

Good  quality  asphalt  shingles  have  been  used  suc- 
cessfully in  the  past,  l ight-colored  shingles  should  be 
selected  to  increase  reflectivity. 


Figure  33.  Grass  growing  in  built-up  roofing. 


or  whitewash  should  be  used  to  increase  reflectivity. 
Finally,  battens  should  also  be  considered  as  a defense 
against  strong  winds. 

When  a built-up  roof  is  to  be  installed,  the  most 
significant  step  toward  insuring  satisfactory  perfor- 
mance is  thorough  inspection  of  workmanship  and 
materials.  Many  roofing  problems  arise  as  a result  of 
insufficient  care  during  installation  when  moisture  is 
actually  trapped  in  the  membrane.  The  roof  deck  and 
all  materials  must  be  absolutely  dry. 

Insulation,  when  desired  as  part  of  a tropical  roof- 
ing system,  should  be  capable  of  retaining  its  insula- 
tion properties  when  wet.  Closed-cell  insulation,  cellu- 
lar glass  or  expanded  perlite  are  recommended.17 

Any  lumber  used  in  roof  construction  should  be 
treated  to  resist  moisture,  organic  decay,  and  termites. 
The  roof  should  be  designed  to  insure  that  the  lumber 
can  dry  rapidly.  When  painting  is  a requirement,  it 
should  be  deferred  until  the  dry  season  and  then  done 


17 Materials  Criteria  for  Construction  in  Tropical  environ- 
ments (NAVI  AC  INST  1 102  98A.  1967).  p 20. 


only  when  the  moisture  content  of  the  wood  is  20  per- 
cent or  less.  Varnishes,  oils,  and  stains  have  little  value 
in  treating  unprotected  wood  against  decay.18 

Both  aluminum  or  copper  flashings  have  worked 
well  in  tropical  locations  as  long  as  fasteners  of  the 
same  metal  are  used.  The  perimeter  of  the  roof  must 
be  securely  held  down  by  flashing  because  high  winds 
will  pull  up  any  loosely  attached  roofing.  Typically, 
expansion  construction  joints  are  difficult  to  seal  ef- 
fectively (see  Figure  34).  Butted  joints  with  a cover 
plate  (Figure  35)  are  prone  to  leak  because  of  faulty 
workmanship  or  excessive  movement.  An  alternative 
to  the  butt  joint  has  been  suggested  which  eliminates 
one  edge  of  the  joint  and  should  be  much  easier  to 
seal  (see  Figure  36). 

Metal  flashing  for  temporary  buildings  is  typically 
uneconomical.  In  lieu  of  metal  flashing,  roll  roofing 
may  be  terminated  by  carrying  the  felts  around  the 
edge  blocking  as  shown  in  Figure  37. 


18 Materials  Criteria,  p 44. 
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Asbestos-cement  panels  and  shingles  Itave  met  with 
success  as  roofing  materials  in  the  tropics.  The  material 
is  economical,  easy  to  install,  and  weather  and  corro- 
sion resistant.  Disadvantages  include  brittleness,  high 
breakage  rates  during  transport,  sensitivity  to  sudden 
stresses,  and  discoloration  due  to  aging.  Roof  panels 
require  a rigid  frame  because  movement  and  stresses 
transmitted  to  the  material  will  cause  it  to  crack.  The 
normal  gray  surface  will  require  whitewashing  to  in- 
crease reflectivity. 

Clay  tile  is  not  recommended.  The  joints  are  diffi- 
cult to  seal  against  leaks.  The  materia!  is  brittle  and 
subject  to  breakage  during  transport  and  under  the 
impact  of  wmd-driven  debris.  Breakage  of  the  tiles 
during  storms  contributes  to  debris  which  can  be 
harmful  to  persons  or  buildings.  Tile  may  also  break 
when  used  over  an  air-conditioned  building  due  to  heat 
stress  from  an  overheated  exterior  and  cool  interior 
if  the  roof  is  not  well  insulated. 

Plastics  are  gaining  increased  acceptance  in  tropical 
climates,  but  little  evidence  is  available  to  qualify  this 
acceptance.  Some  available  information  suggests  that 
fiberglass-reinforced  translucent  panels  arc  unsatisfac- 
tory because  of  their  tendency  to  discolor  and  their 
high  heat  absorption.  Other  forms  of  plastic  tend  to 


warp  and  crack  as  they  deteriorate  when  exposed  to 
rapid  temperature  changes  and  ultraviolet  radiation. 

The  use  of  built-up  roofing  in  the  tropics  is  not  a 
recommended  practice.  Bitumen  hardens,  cracks,  and 
crumbles  under  intense  solar  radiation.  Felts  blister 
under  high  humidity  conditions.  Because  of  their  lower 
slope  and  slower  runoff  rate,  built-up  roofs  accumulate 
dirt  and  seeds  which  can  grow,  attacking  the  roofing 
(Figure  33).  Gravel  not  firmly  embedded  in  the  mem- 
brane also  presents  a hazard  during  high  winds. 

Although  built-up  roofing  may  not  be  desirable,  it 
is  still  required  for  long-span,  low-sloped  buildings.  In 
this  case,  the  felts  should  be  asbestos  rather  than  organ- 
ic to  resist  decay.  The  asphalt  used  should  be  of  a high 
melting  temperature  type  to  resist  softening  and  flow- 
ing which  could  result  in  nonuniform  attachment  to 
the  felts.  Gravel  or  other  surfacing  should  be  well 
embedded  and  loose  gravel  swept  from  tire  roof.  In 
general,  a mineral-surfaced  cap  sheet  may  be  substi- 
tuted for  gravel  to  reduce  the  potential  of  damage  from 
high  winds.16  An  aluminum-based  reflective  coating 


16 Material  and  Design  Criteria  for  Construction  in  Tropical 
environments,  N AVI  At  I trail  Report  (Department  of  the 
Navy,  January  1977).  p 07500-2 
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Figure  36.  Slip  flashing  joint. 


Summary  Recommendations 

1 . The  roofing  system  should  be  carefully  designed 
to  insure  that  heat  gain  does  not  result  in  interior  tem- 
peratures rising  above  exterior  temperatures. 

a.  The  outer  roof  surface  should  be  as  reflective 
as  possible. 

b.  Increased  maintenance  of  the  outer  roof  sur- 
face should  be  accepted. 

c.  Construction  of  a double-layer  roofing  system 
is  recommended  if  justified  by  the  comfort  and  activity 
requirements  for  each  building. 

d.  The  roof  slope  should  be  maximized  and  cal- 
culated based  on  building  location  and  orientation  to 
minimize  the  incidence  of  solar  radiation. 

e.  The  eaves  should  extend  a minimum  of  4 ft 
from  the  wall. 

2.  Erosion  control  below  the  eaves  should  be  pro- 
vided by  a gravel  splash  guard. 

3.  Clutters  are  not  recommended. 


4.  Roofing  may  be  designed  to  fail  partially  at  the 
roof  perimeter  under  severe  wind  loads.  This  feature  is 
particularly  important  when  wide  eaves  are  used.  Alter- 
natively. eaves  should  be  capable  of  folding  down  along 
the  wall,  or  of  being  removed  and  stored  under  threat 
of  severe  winds. 

5.  The  end  wall  or  gable  wall  connections  in  light- 
weight construction  should  be  reinforced  with  full- 
wall-length  cyclone  bolts  from  foundation  to  roof 

6.  Asbestos  cement  and  corrugated  galvanized  iron 
are  recommended  for  the  outer  roof  surface  only  if 
properly  coated  and  regularly  maintained. 

Interior  Walls 

Design  Considerations 

Interior  partitions  are  normally  required  for  visual 
and  acoustic  privacy.  In  tropical  buildings  a conflict 
arises  between  privacy  and  comfort  because  the  use  of 
interior  partitions  obstructs  the  airflow  significantly 
As  shown  in  f igure  3h  the  use  of  partitions  creates 
pockets  of  still  air  which  are  very  uncomfortable 

W here  acoustic  privacy  is  not  critical  jnd  visual  pri- 
vacy is  important,  interior  walls  should  be  designed  as 


Membrane  Is  Noded 
Down  Under  Blocking 


a.  F.nd  wall  detail. 


b.  Roof  eave  detail. 

Figure  37.  Temporary  building  flashing  details. 


o.  Effect  of  Verticol  Partitions 


b.  Effect  of  Horizontal 
Partitions 


Figure  38.  Interior  airflow. 
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screens  which  permit  a sufficient  air  flow  either  through 
or  around  them,  as  shown  in  Figure  39. 

Where  acoustic  privacy  is  required,  buildings  should 
be  designed  to  be  one  room  deep  or  mechanical  ventila- 
tion or  cooling  must  be  used. 

Construction  Practices 

Interior  finish  materials  are  prone  to  damage  from 
exposure  to  rain  or  high  relative  humidity.  They  there- 
fore must  be  stored  in  protected  areas  or  carefully 
covered  to  prevent  damage.  More  specific  protection 
requirements  will  be  listed  in  the  material  usage  section 
later  in  this  section. 

Since  there  should  be  no  direct  light  coming  in 
through  the  windows,  ceilings  and  interior  walls  should 
be  finished  in  very  light  colors.  The  ceiling  should  be 
white  to  reflect  and  spread  the  indirect  light  evenly 
throughout  the  interior.  Walls  containing  windows 
should  be  finished  in  white  or  a light  gray  to  reduce 
the  contrast  between  the  bright  window  and  the  sur- 
rounding wall,  thus  minimizing  glare.  Interior  parti- 
tions should  also  generally  be  light  to  reduce  the 
amount  of  artificial  lighting  required  during  the  day. 

Sound-absorbent  materials  should  be  used  whenever 
possible,  but  care  should  be  taken  when  using  organic 
materials  as  they  are  subject  to  decomposition  in  high- 
ly humid  areas. 

Material  Usage 

Portland  cement  plaster  has  a high  susceptibility  to 
shrinkage  cracking  and  is  not  recommended  in  tropical 
areas.  Gypsum  plaster  has  held  up  satisfactorily  if 
properly  applied.19  Metal  lath  must  be  galvanized  be- 
cause unprotected  metal  corrodes  too  quickly.  Solid 
lath  appears  to  be  suitable  as  long  as  the  wall  remains 
properly  sealed.  The  major  problem  with  plastering  in 
tropical  areas  is  that  the  high  humidity  prevents  the 
plaster  from  drying  properly,  causing  a subsequent  loss 
in  strength.  When  plaster  finishes  are  required,  an  arti- 
ficial heat  source  or  a dehumidifier  should  be  used  to 
reduce  humidity  problems. 

Asbestos-cement  wallboard  provides  a suitable  in- 
terior finish  where  not  subjected  to  mechanical  damage. 
Gypsum  board  and  fiberboard  both  tend  to  warp  and 


1 9 Materials  Criteria  for  Construction  in  Tropica I environ- 
ments. NAVI  AC  INST  II02.98A  (Department  o!  the  Navy, 
1967),  p 23. 


swell  in  humid  environments  and  are  not  durable 
enough  for  most  uses.  Particle  board  is  susceptible  to 
termite  attack  unless  protected.  It  should  also  be 
avoided  because  of  its  high  moisture  absorbing  property. 

Finish  lumber  can  be  used  for  interior  walls  and 
finishes  if  properly  treated,  installed,  and  maintained 
in  dry  conditions.  Since  it  can  be  damaged  by  termites 
it  must  be  adequately  protected  or  contain  natural  pre- 
servatives. Some  of  the  native  woods  have  good  resis- 
tance to  termite  attack;  using  these  wood  species  for 
construction  may  be  feasible.  Some  of  the  important 
tropical  species  are  listed  in  Appendix  C along  with 
their  important  characteristics  and  applications.  Wood 
should  never  be  placed  in  contact  with  the  ground  or 
allowed  to  become  saturated  with  water. 

Metal  panels  and  partitions  are  relatively  unatlected 
by  the  high  humidity  as  long  as  they  are  properly 
coated.  Plastics  similarly  have  no  restrictions  as  in- 
terior finishing  materials  except  that  they  may  be 
prone  to  termite  attack. 

Concrete  is  suitable  for  interior  walls  but  is  not 
recommended  because  of  its  heat  storage  capacity. 
Simiarly.  exposed  masonry  walls  are  not  recom- 
mended. 

Mineral-core  doors  are  not  satisfactory  for  use  in  the 
tropics  because  they  generally  are  not  well  sealed.  The 
core  absorbs  moisture,  swells,  and  causes  the  surface 
to  rupture  and  swell. 

Solid-core  and  wood-panel  doors  are  satisfactory  if 
they  are  treated  and  sealed.  Interior  metal-clad  doors 
are  also  suitable  if  they  are  coated  but  require  periodic 
maintenance. 

Summary  Recommendations 

Interior  wall  construction  should  be  similar  for  both 
permanent  and  temporary  facilities.  The  walls  should 
be  lightweight  (to  provide  a low  heat-storage  potential) 
and  should  offer  minimum  interruption  to  air  flow. 
Interior  colors  should  he  light  to  reflect  available  natu- 
ral light  and  reduce  the  need  for  artificial  lighting, 
cutting  down  on  the  heat  gain  the  lights  cause.  The 
main  difference  between  permanent  and  temporary 
construction  will  be  not  the  choice  of  the  material 
but  the  quality  of  the  finish.  The  use  of  rough- 
finished  hardboard  or  perforated-metal  panels  are 
recommended  because  they  have  some  acoustic  in- 
sulating value. 
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o.  Porous  Poltern  Allows  Air  Movement, 
But  Speed  is  Reduced 


■ 


b.  Partition  Placement  Allows  Air 
Movement  at  Floor  ond  Ceiling 


c.  Roof  Vent  Establishes  Convective 
Air  Flows  Even  When  There  is  no 
Wind 


Figure  39.  Partition's  effect  on  airflow. 


Building  Hardware 

General 

Tropical  conditions  quickly  cause  unprotected 
building  hardware  to  corrode.  Ferrous  metal  hardware 
should  not  be  allowed  except  for  parts  which  require 
high  strength.  Such  parts  may  be  made  of  stainless  steel 
(Type  316).  All  fasteners  used  with  the  hardware 
should  be  of  a similar  alloy  to  prevent  galvanic  action. 

Material  Usage 

Door  hardware  is  subject  to  high  corrosion  rates 
and.  in  exterior  applications,  dust  accumulation  from 
the  prevailing  winds.  Where  sheltered,  cylinder  locks 
provide  good  service  if  they  are  treated  periodically 
with  graphite  powder.  For  exterior  doors  in  exposed 
locations,  mechanical  locks  do  not  hold  up  well;  man- 
ual barrel  bolts  or  foot-and-chain  bolt  closures  should 
be  used  instead.20  Nylon  or  teflon  is  suggested  for  all 
bearings  and  bushings. 

Bronze  and  stainless  steel  (series  300)  have  both 
proven  to  be  satisfactory  window  hardware  materials. 21 
Aluminum,  as  mentioned  above,  tends  to  “freeze  up" 

20  Materials  Criteria  for  Construction  in  Tropical  Environ 
merits,  NAVFAC  INST  1102.98A  fDepartment  of  the  Navy, 
1967). p 23. 

21  Materials  Criteria,  p 25. 


and  is  satisfactory  only  if  the  moving  parts  are  ano- 
dized or  coated  with  teflon. 

Venetian  blinds  are  often  used  for  sun  and  glare 
control  in  tropical  buildings.  Those  made  with  coated 
aluminum  slats  work  well.  Blinds  using  polyvinyl 
cloride  (PVC)  slats  are  not  recommended,  as  they 
deteriorate  from  exposure  to  sunlight.  All  hardware 
should  be  of  a similar  aluminum  alloy.  The  tapes 
should  be  made  of  cotton  because  plastic  substitutes 
have  a tendency  to  shrink  and  deteriorate  when  ex- 
posed to  sunlight.  Cords  and  cord  rollers  should  be 
made  of  nylon.22 

Summary  Recommendations 

Because  of  the  high  corrosion  potential,  all  hard- 
ware should  be  made  of  bronze,  aluminum,  or  stainless 
steel  (series  300).  All  fasteners  must  be  of  an  alloy 
similar  to  the  hardware  proper.  Moving  parts  such  as 
cylinder  locks  will  require  periodic  lubrication  (with 
graphite  powder).  Where  aluminum  or  stainless-steel 
parts  are  fastened  to  or  bear  on  parts  of  the  same 
alloys,  protection  must  be  provided  to  keep  the  parts 
from  freezing  together. 


22  Materials  Criteria,  p 25 
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Electrical  Equipment 

General 

Material  specifications  must  list  all  unusual  service 
conditions,  such  as  high  humidity,  moisture,  salt  spray, 
and  insects,  and  should  require  equipment  suitable  for 
the  environment  encountered. 

Fungus  and  moisture  resistance  for  certain  electrical 
components  should  be  provided  in  areas  with  consider- 
able moisture  and  high  humidities.  Equipment  located 
within  air-conditioned  areas  and/or  equipped  with 
internal  heaters  to  provide  a 50° F (10°C)  minimum 
temperature  differential  above  ambient  are  considered 
to  be  adequately  protected. 

Electrical  components  such  as  switches,  fuses,  con- 
tacts. oil-immersed  transformer  windings,  and  heater 
elements  should  not  be  treated.  Other  materials  and 
components  which  are  inherently  fungus  resistant  or 
are  protected  by  hermetic  sealing  need  not  be  treated. 

Circuit  elements  not  covered  above  and  which  have 
a temperature  rise  of  not  more  than  75°F  (24 °C)  when 
operating  at  full  load  should  be  coated  with  a fungus- 
resistant  varnish  conforming  to  military  specification 
MIL-V-173.  The  treatment  method  must  be  in  accor- 
dance with  military  specification  MIL-T-152.  Circuit 
elements  include  but  are  not  limited  to  cable  and  wire 
within  an  enclosure,  switchboards,  panelboards,  switch- 
gear,  terminal  and  junction  blocks,  junction  boxes, 
capacitors,  and  coils.  Sample  coated-metal  panels 
should  be  tested  in  accordance  with  Method  6071  of 
Federal  Test  Method  Standard  4 1 . 

Circuit  elements  such  as  motor  coils,  generator  and 
dry  type  transformer  windings,  and  similar  electrical 
components  which  have  a temperature  rise  exceeding 
75° F (24°C)  when  operating  at  full  load  should  not  be 
coated  with  a fungi-toxic  compound.  Instead,  such 
components  should  be  given  two  coats  of  varnish  con- 
forming to  grade  CB  and  one  sealer  coat  conforming 
to  grade  CB  of  military  specification  MIL-l-24092.  The 
coats  should  be  applied  by  the  vacuum-pressure,  im- 
mersion. centrifugal,  pulsating-pressure,  or  built-up 
method  so  as  to  fill  all  interstices  in  the  coils  and  pre- 
clude the  entrapment  of  air  or  moisture.  The  sealer 
coat  may  also  be  applied  by  brushing  or  spraying 
Panelboards,  telephone  cabinets,  bus  ducts,  and  switch- 
gear  must  be  nonventilated  and.  where  possible,  fur- 
nished without  conduit  knockouts  or  conduit  and 
cable  openings.  Where  ventilated  equipment  or  open- 
ings are  required,  all  openings  should  be  provided  with 


tight-fitting  screens  to  prevent  entrance  of  insects. 
Threaded  hubs  should  be  used  where  possible. 

Interior  Electrical  Equipment 

Equipment  should  be  specifically  designed  and  ap- 
proved for  use  in  the  actual  environment  encountered. 
The  following  are  typical  special  requirements  for 
components: 

1.  Circuit  breakers  with  bimetallic  thermal  elements 
must  be  treated  to  prevent  corrosion  or  galvanic  action, 
or  they  should  be  replaced  with  suitable  sealed  or  pro- 
tected solid-state  tripping  elements. 

2.  Wall  switches  and  receptacles  should  be  made  of 
porcelain  or  of  fungus-  and  corrosion-iesistant  plastic. 
The  metal  parts  should  be  nonferrous  Dissimilar 
metals  should  not  be  used  in  direct  contact  or  within 
1/4  in.  (6.4  mm)  of  each  other  or  of  the  outlet  box  in 
which  the  device  is  installed. 

3.  Unit  substations,  switchgear,  and  motor-control 
centers  should  be  equipped  with  thermostatically  con- 
trolled heaters  to  maintain  a temperature  18°F  (10°C) 
higher  than  ambient  inside  the  enclosure.  The  heaters 
should  be  connected  to  a separate  source  when  equip- 
ment is  deenergized  except  during  equipment  mainte- 
nance. 

4.  Motors  larger  than  1 HP  or  generators  larger  than 
10  kW  should  be  totally  enclosed  and  equipped  with  a 
heater  which  is  energized  when  the  unit  is  not  running. 
Alternately  the  motor  or  generator  can  be  heated  by 
energizing  it  with  a suitable  low  voltage  when  not 
running. 

Exterior  Electrical  Equipment 

Equipment  for  exterior  use  should  be  specifically 
designed  and  approved  for  use  in  the  actual  environ- 
ment encountered,  taking  into  account  the  presence 
of  insects  such  as  roaches  and  termites.  In  salt-laden 
atmospheres,  salt-spray  tests  should  be  conducted  on 
all  equipment  in  accordance  with  applicable  military 
specifications  unless  certified  test  reports  on  identical 
equipment  are  furnished.  The  following  are  typical 
special  requirements  for  components: 

1.  Oil-filled  transformers  should  be  hermetically 
sealed  or  equipped  with  an  inert  gas  provided  by  a 
nitrogen  cylinder. 

2.  Wood  poles  should  be  pressure  treated  and  suit- 
able for  the  local  environment  and  insects.  Where  re- 
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quired,  poles  may  be  made  of  concrete,  fiberglass,  or 
aluminum. 

3.  Ciuys  should  be  made  of  phosphor  bronze,  cop- 
perweld,  or  aluminum-encased  steel  if  not  subject  to 
galvanic  action. 

4.  Hardware  should  be  made  of  silicon  bronze,  cop- 
per, aluminum-encased  steel,  or  hot-dipped  galvanized 
steel. 

5.  Crossarms  should  be  made  front  pressure-treated 
wood  selected  for  the  local  environment  or  from  spun- 
glass-reinforced  plastic. 

6.  Cables  directly  buried  in  coral  backfill  should  be 
of  the  jute-protected,  double-tape-armored  type.  All 
DB  cables  should  be  resistant  to  roach,  termite,  and 
microbial  (soil  micro-organism)  attack. 

7.  Manholes  and  handholes  should  be  designed  for 
inundated  soils.  Cables  should  be  spliced  only  in  man- 
holes and  handholes.  The  splices  must  be  waterproof 
and  suitable  for  submersion. 

8.  Unit  substations,  switchgear,  and  motor-control 
centers  should  be  equipped  with  heaters  and  screens  as 
described  above. 

9.  Motors  and  generators  should  be  totally  enclosed 
and  equipped  with  heaters  which  are  energized  when 
the  unit  is  not  running,  or  a suitable  low  voltage  should 
be  applied  to  the  unit  when  not  running. 

Mechanical  Systems 

Forced  Ventilation 

The  use  of  mechanical  fans  to  supplement  the  natu- 
ral ventilation  of  a building  is  preferred  to  the  use  of 
air  conditioning  for  reasons  of  cost  and  maintenance. 
Forced  ventilation  can  accomplish  two  cooling  sensa- 
tions: replacing  the  warm  interior  air  with  cooler 
outside  air.  and  providing  evaporative  cooling  through 
air  movement  around  occupants. 

Air  exchangers,  typically  in  the  form  of  attic  fans, 
work  most  efficiently  at  night.  They  cool  the  building 
interior  by  pulling  out  the  accumulated  hot  air,  thus 
allowing  cooler  air  to  be  drawn  in.  This  nighttime  cool- 
ing will  generally  create  a cool  building  interior  for 
most  of  the  day  also.  In  tropical  buildings,  however, 
this  benefit  is  limited  because  the  nighttime  air  tem- 
peratures remain  high  and  offer  little  cooling  potential. 


If  properly  located  and  detailed,  the  attic  fan  can  al- 
ways insure  a good  airflow  up  through  the  building 
interior,  providing  some  cooling.  Fan  sizes  and  air 
movement  rates  can  be  calculated  once  the  local  cli- 
matic data  are  known. 

Air-circulating  fans  are  used  for  the  sole  purpose  of 
increasing  the  evaporation  from  the  occupant's  skin. 
Circulating  fans  should  not  be  operated  when  tempera- 
tures rise  much  above  98° F ( 37°CJ  because  the  result- 
ing airflow  can  lead  to  a net  heat  gain  instead  of  a 
desired  heat  loss  by  the  body.  Large  ceiling  fans  have 
long  been  used,  although  they  require  high  ceilings 
(from  9 to  10  ft  or  2.7  to  3.0  m min.)  for  safety. 
Ceiling  fans  do  provide  a good  vertical  jet  and  also  a 
horizontal  How  close  to  the  lloor  which  is  quite  useful. 
They  also  have  the  lowest  ratio  of  power  consumption 
to  air  handling  capacity,  making  them  very  cost  effi- 
cient.23 Their  disadvantage  is  that  they  require  higher 
ceilings,  thus  increasing  wall  areas  significantly  and 
causing  more  heat  gains  if  the  walls  cannot  be  shaded 
effectively. 

Air  Conditioning 

When  air  conditioning  is  to  be  incorporated  into  a 
building  design  in  the  tropics,  every  effort  should  be 
made  to  create  an  energy-efficient  building.  The  high 
costs  of  energy  and  the  large  cooling  load  caused  by 
the  high  temperatures  and  humidity  emphasize  the 
importance  of  a compact,  well-insulated  structure.  The 
rooms  should  be  no  larger  than  necessary  because  the 
volume  of  air  in  a building  dramatically  influences  the 
air  conditioning  load.  The  building  shell  should  be  well 
insulated,  and  glass  areas  and  placements  should  be 
carefully  considered  to  minimize  the  daily  heat  gains. 
Insulation  types  and  thicknesses  should  be  determined 
for  each  application. 

Insulation  needs  to  be  protected  from  the  penetra- 
tion and  condensation  of  water  vapor  just  as  it  is  in 
more  temperate  climates.  Since  the  predominant  heal 
flow  is  reversed  in  tropical  construction  from  outside 
to  inside,  the  vapor  barrier  should  be  applied  to  the 
external  face  of  the  insulation.  However,  moisture  con- 
densation can  also  occur  on  the  inside  face  if  the  inter- 
nal air  becomes  saturated.  In  these  situations  it  is 
recommended  to  use  closed-cell  insulation  (polystyrene 
and  polyurethane)  because  they  do  notallow  moisture 
penetration. 


2 ’ll  S Sami,  Architecture  in  Tropical  Australia  i Melbourne 
University  Press.  1971)1,  p 35 
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To  provide  an  adequate  interior  environment  botli 
the  relative  humidity  and  air  temperature  need  to  be 
kept  within  certain  ranges.  Commonly  used  air-condi- 
tioning systems  (both  central  and  local  unitsl  control 
the  temperature  directly  and  depend  upon  accurate 
sizing  of  the  refrigeration  unit  to  produce  acceptable 
humidity  levels.  Dehumidification  in  these  systems 
occurs  because  the  air  passes  through  a set  of  cooling 
coils,  causing  excess  water  vapor  to  condense.  This 
process  works  adequately  as  long  as  the  refrigeration 
unit  is  operating.  If  its  operation  is  intermittent,  how- 
ever, the  relative  humidity  can  increase  to  high  per- 
centages because  of  internal  moisture  production 
(from  sources  such  as  people  breathing  and  sweating, 
cooking,  and  cleaning).  Hence,  proper  sizing  of  these 
conventional  systems  becomes  very  important  and 
requires  that  the  building  loads  be  accurately  deter- 
mined and  maintained. 

It  is  often  recommended  that  the  system  be  under- 
sized to  allow  almost  continuous  operation,  insuring 
adequate  dehumidification  and  satisfactory  air  circula- 
tion. If  the  building  loads  vary,  it  is  recommended  that 
the  refrigeration  unit  should  have  a variable  capacity. 
Such  a system  can  be  created  by  placing  several  small, 
individually  controlled  cooling  coils  in  series  instead 
of  using  only  one  larger  coil.  Where  fine  control  of 
both  the  relative  humidity  and  temperature  is  required, 
a central  or  terminal  reheat  system  can  be  used.  Such 
an  air-conditioning  system  is  for  use  in  buildings  hous- 
ing sensitive  items  such  as  computers  or  communica- 
tion equipment. 

Independent  room  air-conditioning  units  offer  the 
advantage  of  low  initial  costs  along  with  simplicity  of 
installation.  This  type  of  air  conditioner  is  most  prac- 
tical for  use  in  existing  buildings.  The  use  of  room 
units  should  be  avoided  in  new  construction  because 
they  are  less  efficient  (power  consumption  is  50  per- 
cent higher  than  for  central  units),  they  are  noisy,  and 
they  provide  poor  circulation.  In  addition,  the  conden- 
sation water  must  be  drained  off,  requiring  special  de- 
tails; more  typically,  it  is  left  to  run  down  the  facade. 
If  window  units  are  used,  they  should  have  a suitable 
corrosion-protection  system. 

A fan-coil  unit  is  the  other  type  of  local  air  condi- 
tioning system  in  common  use.  experience  at  naval 
facilities  in  the  Far  Fast  has  shown  that  these  types  of 
units  present  severe  maintenance  problems.24  Place- 


24R.  J.  Moore  and  L.  A.  Spietvogel,  Trip  to  \'aval  Facilities 
in  (luam  and  the  Philippines  (trip  report),  October  1976. 


mem  of  individual  fans  and  cooling  coils  in  each  room 
subjected  the  equipment  to  a good  deal  ol  misuse  and 
poor  maintenance.  Locally  high  humidity  levels  caused 
by  doois  and  windows  being  lett  open,  by  wet  cloth- 
ing, or  by  other  tactors  resulted  in  condensate  water 
drainage  problems  in  many  of  the  units  or  in  not  being 
able  to  maintain  low  enough  humidity  levels.  Theie- 
fore.  fan-coil  units  are  not  recommended. 

Criteria  for  mechanical  air  conditioning  system  de- 
sign are  given  in  Appendix  D to  otter  guidance  in  the 
selection  and  protection  of  equipment. 

Healing 

In  general,  heating  will  be  required  in  only  a few 
locations  and  very  infrequently.  Portable  electric 
resistance  heaters  are  convenient  and  should  provide 
sufficient  capacity  for  occasional  use.  but  they  do  pose 
safety  hazards.  Centralized  heating  systems  are  usuallv 
not  required,  but  if  needed  they  may  consist  of  an 
electric  resistance  coil  in  the  air  handling  unit  or  a 
heat  pump. 

Summary  Recommendations 

1 . In  lieu  of  air  conditioning,  forced  ventilation  cre- 
ated by  attic  or  ceiling  exhaust  fans  is  recommended. 
Sizing  is  dependent  on  several  factors  and  should  be 
determined  once  local  conditions  are  known. 

2.  Air-circulaung  fans  are  also  effective  at  close 
range  in  providing  a cooling  sensation.  Ceiling-mounted 
fans  are  most  efficient  but  require  higher  ceilings. 

3.  Forced  ventilation  is  not  advised  at  ambient  tem- 
peratures above  98°F  (37°C). 

4.  The  use  of  permeable  insulation  in  air-condi- 
tioned buildings  requires  that  a vapor  barrier  be  placed 
on  the  external  face  of  the  insulation  and  possibly  on 
the  interior  face,  depending  on  internal  humidity  levels. 

5.  Central  and  room  air  conditioners  should  he 
undersized  to  insure  almost  continuous  operation  and 
adequate  dehumidification. 

6.  Where  fine  control  of  both  temperature  and 
humidity  is  required  a central  or  terminal  reheat  sys- 
tem should  be  added  to  the  system. 

7.  Room  air  conditioners  should  be  used  sparingly 
because  of  their  power  inefficiency,  high  noise  levels, 
and  condensate  water  runoff  problems. 
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8.  Fan-coil  units  should  no!  be  used  because  of  the 
severe  maintenance  problems  they  pose. 

9.  It  heal  is  required,  portable  resistance  units 
should  supply  enough  capacity. 


Insulation  of  the  waste  piping  in  such  locations  is 
recommended  to  prevent  damage  to  finishes  and  to 
discourage  mold  and  mildew.  Since  mold  growth  is  a 
problem,  all  vapor  barriers  and  coatings  covering  the 
pipe  insulation  should  have  mold-resistant  properties. 


Plumbing 

Corrosion  Protection 

Tropical  conditions  probably  have  the  least  effect 
on  plumbing  systems  as  compared  to  other  aspects  of 
building  construction.  The  various  materials  used  in 
plumbing  for  temperate  zones  are  generally  adaptable 
to  tropical  climates  also.  The  major  problem  is  corro- 
sion because  of  the  high  humidity,  the  alkaline  soil, 
and  air  conditions  associated  with  the  climate.  The 
materials  commonly  used  are  affected  in  varying  de- 
grees. Recommendations  concerning  specific  materials 
which  have  been  used  in  Navy  facilities  are  listed 
below. 2S 

1 . Cement-mortar-lined  cast-iron  pipe  is  recom- 
mended for  buried  water  piping  4 in.  (10  cm)  and 
larger  in  diameter.  Buried  piping  with  a diameter  of 
3 1/2  in.  (8.9  cm)  or  less  shouiu  be  copper  tubing. 
Where  copper  tubing  is  to  be  buried  under  a slab  in 
coral,  adequate  corrosion  protection  is  required  (a 
prime  coat  and  two  coats  of  coal  tar  are  recommended). 

2.  Above-ground  water  supply  lines  and  interior 
piping  should  also  be  made  of  copper  tubing.  In  addi- 
tion. exposed  insulated  piping  should  be  provided  with 
a stainless  steel  or  aluminum  jacket  to  minimize  mold 
and  physical  damage. 

3.  Where  ferrous  metal  piping  is  uninsulated  in  ex- 
ternal or  internal  locations  it  should  be  galvanized  and 
protected  with  an  adequate  coating  system. 

4.  Plumbing  fixtures  should  be  made  of  heavily 
chrome-plated  bronze,  stainless  steel,  or  (in  some  cases) 
glass.  The  use  of  enameled  steel,  cast-iron,  or  zinc- 
alloy  fixtures  is  not  recommended  because  of  past 
corrosion  problems. 

Condensation  Problems 

Because  of  the  high  relative  humidity,  all  cold  water 
supply  piping  should  be  insulated  to  prevent  "sweat- 
ing." Condensation  can  also  be  a big  problem  for  waste 
piping  where  plumbing  fixtures  have  a high  use  rate. 


25 Material  anil  Design  Criteria  for  Construction  in  Trot  cat 
environments.  NAVI  AC'  Draft  Report  (Department  of  the 
Navy.  19771.  p 15401-1 


Redding 

Plumbing  lines  must  be  protected  from  the  move- 
ment of  the  expansive  soils  which  typically  compose 
the  surface  soil  layei  in  tropical  regions.  This  active 
layer  expands  and  contracts  with  seasonal  ground- 
water  conditions,  resulting  in  varying  support  condi- 
tions for  the  piping.  Soft  copper  or  galvanized  steel 
pipe  should  be  used  where  possible  because  of  their 
good  ductility  If  more  brittle  material,  such  as  cast 
iron,  is  used  for  piping,  care  must  be  taken  to  insure 
that  the  soil's  expansion  and  contraction  forces  will 
not  affect  the  plumbing  lines.  Protection  can  be  pro- 
vided by  trenching  through  the  active  layer  and  then 
infilling  with  an  inert  sand  or  gravel  base. 

The  large  amount  of  wet  weather  also  strongly  in- 
fluences the  installation  of  water  and  sewer  lines. 
Plumbers  in  wet-weather  areas  should  carry  portable 
pumps  to  pull  excess  water  out  of  utility  trenches 
before  installing  the  plumbing  If  may  even  be  neces- 
sary to  use  temporary  shelters  over  the  trenches  if  the 
system  is  installed  during  the  monsoon  season. 

Summary  Recommendations 

Whatever  piping  materials  are  used,  adequate  corro- 
sion protection  must  be  provided.  Suggested  protections 
for  the  specific  materials  mentioned  above  should  be 
followed.  All  supply  and  certain  waste  piping  should  be 
insulated  and  protected  with  a mold-resistant  covering. 
External  plumbing  lines  should  be  buried  in  properly 
bedded  trenches.  Where  soil  movement  is  large,  copper 
or  galvanized  steel  piping  should  be  used.  Trenches 
should  be  protected  during  wet  periods,  and  portable 
pumps  should  be  used  when  needed  to  pull  out  excess 
ground-  and  rainwater  during  construction. 

Paints  and  Coatings 

General 

Tropical  climates  create  a number  of  weathering 
agents  which  deteriorate  exposed  building  materials. 
Paint  and  coating  systems  are  typically  used  to  provide 
protection  against  these  destructive  elements.  Intense 
sunlight,  high  temperatures,  and  high  humidity  levels 
all  lead  to  the  accelerated  breakdown  of  paints.  Also, 
in  coastal  locations  the  s, ill-laden  air  is  particularly  ag- 
gressive towards  coating  systems.  Deterioration  ranges 
from  defects  of  appearance  to  complete  film  breakdown. 
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Fading  or  color  change  of  the  pigments;  loss  of  gloss  or  Fungicides 

finish  development  of  chalking;  mold  and  algae  growth:  In  hot,  humid  climates  the  main  requirement  of  a 

and  cracking,  blistering,  flaking,  and  peeling  of  the  paint  film  is  to  resist  mold  growth  and  to  prevent  water 

paint  film  are  all  signs  that  paint  decomposition  has  penetration.  Water  impermeability  is  a common  ehai- 

started  and  should  be  remedied.  acteristic  of  almost  all  paints,  but  mildew  resistance  is 

not  normally  incorporated  into  the  paint  composition 

The  breakdown  of  paints  can  be  delayed  by  using  All  paints,  primers,  and  enamels  used  in  tropical  loca- 

materials  suited  to  the  climate  and  the  substrate,  and  lions  should  contain  a fungicide  to  inhibit  mold  growth, 

by  applying  them  correctly  with  an  adequate  number  The  addition  of  the  mildeweide  by  the  user  is  not  ad- 

of  coats  on  properly  prepared  surfaces.  An  excellent  visable  because  of  the  toxity  of  the  chemicals  used, 

source  of  information  on  paints  and  coatings  is  the  De-  Also,  there  is  a possibility  that  the  chemical  will  be  in- 

partment  of  Defense  manual  titled  “Paints  and  Protec-  compatible  with  the  paint  unless  properly  matched, 

tive  Coatings"  ( Army  TM  5-618),  which  should  be  con-  The  fungicidal  agent  should  be  introduced  at  the  fac- 

sulted  for  general  guidance.  tory  and  should  be  of  a type  that  will  not  adversely  af- 

fect the  color,  texture,  drying,  or  durability  of  the 

The  effects  of  sunlight,  heat,  and  moisture  on  the  coating.  The  most  effective  fungicides  have  proven  to 

external  paint  film  can  be  minimized  by  shading  the  be  those  containing  mercury . but  mercurial  fungicides 

walls  using  overhangs  or  vegetation.  However,  vegeta-  have  been  banned  for  use  in  the  U.S.  in  the  interest  of 

tion  should  not  be  planted  in  close  proximity  to  the  public  health.  A list  of  fungicides  specified  for  con- 

building  face.  An  increased  local  relative  humidity  is  struction  in  the  Panama  Canal  Zone  is  given  in  Table  3, 

created  by  the  plant’s  respiration  cycle  and  obstruction  but  it  should  be  noted  that  new  and  possibly  more  ef- 

to  light  and  wind.  High  humidity  levels  encourage  mold  fective  fungicides  are  currently  entering  the  market  and 

growth  and  should  be  avoided.  As  mentioned  in  the  should  be  reviewed, 

earlier  section  on  roofing,  the  use  of  a splash  apron  to 

handle  roof  runoff  is  important  because  the  apron  will  Other  methods  to  reduce  mold  growth  are  to: 

reduce  the  amount  of  rainwater  and  dirt  splashed  up 

onto  lower  wall  sections.  1 . Specify  glossy  finishes  whenever  possible  because 

the  harder  and  smoother  the  film  is,  the  more  it  resists 

The  selection  and  application  of  a particular  coating  mold  attack, 
system  should  be  based  upon  the  following  factors: 

2.  Do  not  add  any  oil  or  thinners  containing  oil  to 

1.  The  substrate  material  to  be  protected  such  as  the  paint,  as  these  may  provide  a food  source  for  molds, 
wood,  concrete,  steel,  or  existing  paint 

3.  Insulate  the  walls  of  air-conditioned  spaces  very 

2.  The  condition  of  the  substrate;  e.g..  rough,  well,  as  they  are  prone  to  become  damp  from  conden- 

smooth.  porous,  or  corroded  sation  of  the  warm,  outside  air.  Intermittent  air  condi- 

tioning may  create  moisture  problems  on  the  inside 

3.  Surface  preparation  requirements  such  as  sand  walls  when  moist  warm  air  is  admitted, 
blasting,  chemical  treatment,  or  hand  brushing 

If  fungus,  mold,  or  algae  has  developed  on  building 

4.  The  finish  desired;e.g..  glossy,  flat,  or  semiglossy  surfaces,  a shown  in  Figure  40,  and  treatment  or  re- 

painting is  planned,  the  bacteria  must  be  killed  and  the 

5.  The  method  of  application;  e.g.,  brush,  roller,  or  paint  film  disinfected  to  prevent  unknowing  workers 

air  spray  from  infecting  their  lungs,  ears,  and  eyes.  Some  com- 

mon fungicidal  washes  are  listed  in  Table  4.  They  should 

6.  The  environment  in  which  the  coating  system  be  used  with  caution  and  kept  away  from  contact  with 

will  be  applied  and  maintained.26  t the  skin  and  eyes  because  these  compounds  arc  toxic 

to  varying  degrees. 


26 Material  and  Design  Criteria  tor  Construction  in  Tropical 
Environments.  NAVI  At  Draft  Report  (Department  of  the 
Navy.  1977).  pp  09910-1.  2. 


Interior  Coating  System 

In  general,  internal  painting  requires  no  special  pro- 
visions beyond  the  addition  of  a mildeweide.  The 
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Table  3 

Recommended  Fungicides* 

A.  1 or  solvent-based  paints,  the  funcidide  should  be  one  of  the 
following: 

1 One  percent 

a.  Cuprous  oxide 

b.  8-quinolinolate 

2.  Four  percent  tetrachlorophenol,  based  on  the  weight  of 
the  nonvolatile  contents  of  the  paint. 

3 Approved  equal. 

1).  l or  water-dispersable  coatings,  the  fungicidal  agent  should 
be  one  of  the  following: 

1.  Two  percent  pentachlorophenal  with  two  percent  sodi- 
um pentachlorophenate. 

2.  Approved  equal. 

*(From  Specifications  for  Construction  of  48  U S.  Quarters  at 
Various  Locations  in  the  Canal  Zone,  Serial  No.  pc-74-45 
[Panama  Canal  Company,  April  1974) , p 15-2.) 

problems  of  exposure  to  sunlight  and  rain  are  not  en- 
countered, but  the  weather  wiii  slow  the  drying  con- 
siderably. Therefore,  the  products  listed  for  interior 
use  in  Appendix  D of  the  Paints  and  Protective  Coatings 
Manual  (TM  5-618)  are  applicable  and  are  recommend- 
ed. In  particular,  TT-P-29  has  been  suggested  forgeneral 
interior  use.  especially  for  interior  concrete  and  mason- 
ry.27 The  guidelines  for  paint  storage,  surface  repair 
and  preparation,  and  paint  application  given  in  TM  5- 
618  should  be  carefully  followed. 

Ex terior  Coating  Systems 

Wet  weather  not  only  slows  down  or  stops  the  appli- 
cation of  exterior  paint,  but  it  also  affects  the  quality 
of  the  paint  job.  Exterior  painting  should  not  be  at- 
tempted in  rainy  weather  unless  protection  for  the  sur- 
face is  provided  during  the  painting  and  drying  periods. 

Another  moisture  problem  arises  from  the  high  hu- 
midity of  the  region.  Where  the  relative  humidity  is 
over  85  percent,  exterior  latex  paint  should  be  used 
with  caution,  as  problems  have  arisen  in  these  condi- 
tions.2S  Also,  manufacturers  of  stain  have  stated  that 
high  moisture  content  in  wood  will  inhibit  adequate 
penetration  of  the  stain.  In  marine  atmospheres  the 
salt-laden  air  will  often  cover  all  exposed  construction 


2 Materia I anil  Design  Criteria  for  Construction  in  Tropica I 
Environments.  NAVFAC  Dralt  Report  (Department  of  the 
Navy,  1977),  p 09910-2. 

28 All-Weather  Home  Buihling  Manual  (NAllli  Research 
Foundation.  Inc.,  November  1975).  p I 29. 


Table  4 

Fungicidal  Washes* 

l or  treatment  of  algae  and  lichens  on  external  walls  and  roofs 
use: 

1.  Copper  sulfate.  1 oz  in  1 gallon  of  water  (8  ml  per  liter 
of  water) 

2.  Copper  carbonate.  1 oz  plus  10  oz  strong  ammonia,  in 
1 gallon  of  water  (8  ml  of  copper  carbonate  plus  78  ml 
ammonia  per  liter  of  water) 

(The  second  is  preferred;  both  may  cause  slight  stains  on 
some  materials.) 

3.  Bleaching  powder.  8 oz  in  1 gallon  of  water  (63  ml  per 
liter) 

4.  Household  bleaching  solution,  diluted  as  recommended. 
(3)  and  (4)  may  also  be  used  for  molds  on  paintwork 
but  may  cause  bleaching  or  other  side-effects. 

l or  treatment  of  molds  on  paintwork  and  timbers: 

5.  Formaldehyde  (formalin),  5 percent  solution  (4  pints  of 
40  percent  formalin  in  10  gallons  of  water  or  1 liter  in 
20  liters  of  water).  May  be  found  unpleasant  to  use  on 
interior  surfaces. 

6.  Lysol.  diluted  normally  (must  be  thoroughly  rinsed  off) 

7.  Sodium  pentachlorophenate  CSantobrite').  2 lbs  in  10 
gallons  of  water  or  960  g in  40  liters  of  water 

8.  Sodium  salt  of  salicylanilide  ('Shtrlan  NA’).  2 lbs  in  10 
gallons  of  water  or  960  g in  40  liters  of  water 

9.  Proprietary  washes  containing  various  fungicides  dis- 
solved in  water  or  in  solvents  such  as  white  spirit  or 
methylated  spirits,  used  as  directed. 

♦(Front  P IVhitelcy , Recommendations  for  Painting  in  Tropi- 
cal Climates.  Tropical  Building  Studies  No.  4 [Building  Re- 
search Station.  Garston.  I ngland.  1962),  p 19.  Reproduced 
by  courtesy  of  the  Director.  Building  Research  Establishment. 
British  Crown  Copyright  Controller,  Her  Majesty's  Stationery 
Office.) 

with  microscopic  crystals  of  salt.29  Since  these  crystals 
have  a high  affinity  for  moisture,  a surface  tuay  appear 
dry  even  when  it  is  covered  with  a film  of  moisture. 
This  moisture  accumulates  on  all  exposed  surfaces  but 
is  especially  hard  to  detect  on  concrete  and  masonry. 
If  such  surfaces  must  be  painted,  they  should  be  primed 
with  a coating  which  can  be  applied  to  damp  surfaces 
(TT-P-19  is  recommended). 

Most  exteiior  coating  systems  are  designed  for  ap- 
plication to  specific  substrates  and  for  specific  exposure 
conditions.  Various  building  materials  will  require  dif- 
ferent coating  systems  because  no  single  coating  system 
can  provide  acceptable  performance  on  all  types  of  ma- 
terials in  the  tropical  climate. 

29 Material  anil  Design  Criteria  for  Construction  in  Tropical 
Environments.  NAVFAC  Draft  Report  (Department  of  the 
Navy,  1977),  pp  00910-3  and  4. 
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Figure  40.  Mold  growth. 


The  guidelines  for  exterior  painting  given  in  TM  5- 
618  should  be  followed  to  insure  the  best  performance 
of  a particular  paint  system.  A list  of  exterior  coatings 
recommended  by  NAVFAC  based  on  its  experience  is 
included  in  Appendix  E. Table  El.  Note  that  cement  fills 
and  washes  ( TT -P-2  1 and  TT-P-35)  should  be  used  on 
new  masonry  and  concrete  whenever  possible  based  on 
experience  in  the  Far  Hast.'0 

All  exterior  surfaces  should  have  a protective  cover 
of  at  least  three  coats  of  paint,  including  primer. except 
for  concrete  and  masonry,  for  which  two  coats  are  ac- 
ceptable. All  exterior  coatings  must  contain  a suitable 
fungicide,  as  discussed  previously  in  this  chapter. 

Summary  Recommendations 

1 . Use  overhangs  and  vegetation  to  shade  wall  sur- 
faces as  much  as  possible. 

2.  Review  the  available  coating  systems  and  select 
one  based  on  the  substrate  material,  its  condition,  the 
method  of  surface  preparation  employed,  the  finish  de- 


10 ARM M Consultants,  Inc..  Moisture  Problems  in  Build ■ 
inns.  Contract  N 6 2467-76-C-0696  (Department  ol  the  Navy. 
19761. 


sired,  the  method  of  application,  and  the  environment 
in  which  the  coating  must  work. 

3.  Incorporate  appropriate  fungicides  in  all  paints 
to  be  used  indoors  or  out.  Additional  protection  may 
be  gained  by  specifying  glossy  finishes,  preventing  the 
addition  of  any  thinner  or  oils  to  the  paint,  and  insulat- 
ing the  walls  of  air-conditioned  rooms  well. 

4.  Where  bacterial  growth  has  started,  the  paint  film 
should  be  disinfected  before  any  surface  treatment  or 
repainting  is  started.  See  Table  4 for  recommended 
treatments. 

5.  Any  of  the  products  listed  in  Appendix  I)  of  TM 
5-618  may  be  used  for  interior  painting.  TT-P-21*  is  rec- 
ommended for  general  interior  use. 

6.  Exterior  paints  must  be  carefully  matched  to  the 
substrate.  A set  of  reliable  paints  for  the  various  build- 
ing materials  is  listed  in  Appendix  E.  Table  El. 

7.  Cement  fillers  and  washes  should  be  used  in  pre- 
ference to  paint  for  new  concrete  and  masonry. 

S.  All  exterior  surfaces  require  a minimum  of  three 
coats  of  paint,  except  that  concrete  and  masonry  can 
be  satisfactorily  covered  in  two  coats. 
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4 DESIGN  AND  CONSTRUCTION 

GUIDELINES  FOR  DESERT  FACILITIES 


Planning  and  Siting 

General 

The  location  of  a facility  within  a site  should  be  de- 
termined by  analyzing  the  constraints  and  features  of 
the  site.  These  factors  include  the  climatic  constraints 
of  temperature,  precipitation,  and  prevailing  winds  as 
well  as  the  natural  features  of  the  groundplane  such  as 
the  topography,  ground  cover,  drainage  patterns  and 
soil  types.  Other  important  site  considerations  are  pos- 
sible access  points  to  existing  roads  and  utilities. 

Climatic  Constraints 

Design  constraints  in  a desert  environment  are  very 
severe  because  of  the  climatic  extremes  to  which  build- 
ings are  exposed.  Desert  environments  are  severly  con- 
trolled by  the  effects  of  the  weather.  The  elements  of 
weather  are  essentially  temperature,  precipitation,  and 
wind.  How  each  of  these  elements  affects  desert  life 
will  be  discussed  below. 

Temperature.  Solar  radiation  beats  down  on  desert 
regions  with  great  intensity  and  is  seldom  diffused  by 
clouds.  Summer  air  temperatures  range  up  to  55°C 
03I°F)  in  the  daytime,  with  night  temperatures  drop- 
ping to  25°C  (77°F).  Winter  air  temperatures  are  more 
moderate,  ranging  from  35°C  (85°F)  in  the  daytime 
and  to  0°C  ( 32° F ) at  night. 

Ground  temperatures  are  typically  much  hotter 
than  the  air  temperatures  given  above  but  vary  dra- 
matically depending  on  the  ground  surface.  Natural  re- 
lief from  the  extreme  daytime  temperatures  is  achieved 
by  shading  the  groundplane.  which  can  cause  tempera- 
ture drops  of  up  to  10°C  (18°F). 

Siting  of  desert  facilities  to  minimize  exposure  to 
direct  sunlight  can  be  accomplished  by  careful  design 
at  both  the  site  and  building  scale.  Several  solar  orien- 
tation guidelines  for  the  design  of  the  site  and  of  indivi- 
dual buildings  in  desert  environments  are  as  follows: 

1 . Buildings  should  be  grouped  into  oblong  blocks 
which  are  oriented  in  an  east-west  direction  to  mini- 
mize wall  exposure  to  the  low  sun  angles  of  the  morn- 
ing and  afternoon,  as  explained  in  Chapter  3. 

2.  Streets  should  be  narrow  and  building  setbacks 
should  be  minimal.  With  the  right  proportions,  the 


buildings  can  shade  a good  portion  of  the  walks  and 
streets  for  most  of  the  day.  as  shown  in  Figure  41 . 

3.  Only  the  major  streets  should  be  paved  to  prevent 
the  buildup  of  smooth,  reflective  surfaces.  Walks  and 
parking  areas  should  consist  of  light,  coarse  materials. 

4.  Parking  areas  should  be  at  least  partially  shaded 
to  prevent  excessive  buildup  of  heat  in  these  areas. 
Shade  can  be  provided  by  several  means,  as  shown  in 
Figure  42. 

5.  Walkways  and  open  spaces  should  be  kept  small 
and  shaded,  wdiere  possible,  by  vegetation. 

6.  Buildings  in  general  should  be  multistory  (2  or  3 
stories)  to  decrease  roof  areas,  which  are  exposed  to 
much  more  radiation  than  the  walls.  For  example.  Fig- 
ure 43  shows  two  buildings  identical  in  floor  area  but 
of  a different  shape.  Building  A has  only  half  the  roof 
area  of  building  B and  yet  only  one-third  more  wall 
area. 

7.  Building  form  should  utilize  large  overhangs  or 
arcades  to  shade  walls  and  openings.  Figure  44  shows 
how  a large  overhang  protects  the  building  walls  from 
the  sun. 

Desert  Winds.  Wind  in  desert  areas  is  practically  un- 
ceasing and  is  a major  climatic  force  which  must  be 
planned  for  in  these  regions.  The  constant  high  winds 
are  believed  to  be  created  by  convection  currents  set 
up  during  the  day  by  the  sun's  heat.  Because  the  wind 
moves  great  amounts  ot  hot.  dry  air  it  has  severe  de- 
hydrating effects  on  the  desert  environment.  In  addition, 
the  wind  always  carries  fine  soil  particles  which  abrade 
building  elements,  clog  mechanical  devices,  and  ac- 
cumulate on  every  surface. 

Because  of  its  destructive  potential,  the  wind  must 
be  lifted,  deflected,  and  guided.  Yet,  where  possible,  it 
must  be  used  to  every  advantage  for  ventilation.  By  fol- 
lowing the  guidelines  offered  below,  adequate  wind 
protection  may  be  achieved  for  most  locations. 

I . It  is  recommended  that,  where  feasible,  a perma- 
nent barrier  should  be  constructed  around  the  perimeter 
of  the  installation  to  lift  and  carry  the  wind  over  it 
(Figure  45  ).M 

1 K Kelly  and  K 1.  Schnadelbach.  Landscaping  the  Saudi 
Arabian  Desert  (Delancey  Press.  10761.  p 30 


54 


o.  Independent  Shode  b.  Building  Overhong 

Figure  42.  Parking  shades. 


o.  Two-Story  Building 


b.  One-Story  Building 


Figure  43.  Kool  area  comparison 
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Figure  44.  Protective  overhang. 
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2.  The  street  and  open  space  patterns  should  be 
aligned  perpendicular  to  the  prevailing  winds.  Because 
these  spaces  are  potential  weaknesses  in  wind  protection, 
they  should  be  limited  in  size  and  number  as  much  as 
possible,  as  shown  in  Figure  46. 

3.  Large  open  spaces  should  be  avoided,  but  where 
necessary  they  should  be  bordered  by  trees  and  a soil 
berm  similar  to  the  larger  community  barrier  berm  as 
shown  in  Figure  47.  This  arrangement  is  necessary  to 
keep  the  wind  front  dropping  into  these  depressions 
and  affecting  the  surrounding  buildings. 

4.  Building  forms  should  be  of  a fairly  constant 
height  ranging  from  one  to  three  stories.  High  rises 
should  not  be  constructed  because  they  create  a good 
deal  of  turbulence  and  eddies,  as  pictured  in  Figure  48. 

5.  Individual  buildings  need  to  become  internalized 
to  provide  wind  protection  for  their  exterior  spaces. 
Both  exterior  and  interior  space  can  use  wind  chimneys 
or  towers  to  provide  ventilation  (see  Figure  49).  More 
specific  methods  of  inducing  natural  ventilation  for  in- 
dividual buildings  will  be  analyzed  in  the  section  on  ex- 
terior walls  and  wall  openings.  In  general,  ventilation  is 
discouraged  during  the  daylight  hours  to  prevent  heat 
infiltration  and  is  recommended  at  night  to  provide  dis- 
sipation of  the  heat  built  up  during  the  day. 

Precipitation  and  Humidity.  Because  of  the  small 
amounts  of  precipitation  received  annually  in  desert 
areas,  fresh  water  resources  available  to  the  site  need  to 
be  conserved.  The  sun's  effect  on  plant  life  alone  has 
placed  severe  limitations  on  the  hability  of  most  desert 
regions.  In  addition  to  the  lack  of  surface  water,  hu- 
midity levels  are  extremely  low  because  of  the  sun's  in- 
tense heat.  Dehydration  is  a critical  problem,  and  every 
effort  should  be  made  to  retain  precipitation  and  to  re- 
cycle potable  processed  water  to  minimize  wastes. 

The  scarcity  of  water  resources  leads  to  several  design 
recommendations: 

1.  Storm  drainage  systems  should  be  avoided.  In- 
stead. natural  drainage  patterns  should  be  established. 
The  periodic  runoff  could  be  stored  in  wells  and  cisterns 
and  later  used  for  the  irrigation  of  local  plants.  See 
Figure  50. 

2.  Use  landscaping  materials  which  have  minimum 
water  needs.  The  quantity  of  plants  and  their  needs 
for  water  should  be  calculated  and  water  resources  de- 


termined before  planted  areas  are  planned.35  Figure  51 
shows  landscaping  adapted  to  the  climate. 

3.  Keep  open  spaces  small  to  reduce  evaporation 
losses  from  planted  areas. 

4.  Do  not  create  any  unnecessary  surface  water 
courses,  pools,  or  fountains  because  evaporation  losses 
from  these  water  bodies  can  be  as  high  as  20  percent 
daily.32 

Natural  Constraints 

Topography.  Desert  areas,  when  subjected  to  the 
periodic  rainfall  of  the  winter  season,  often  experience 
flash  floods  because  of  the  relative  impermeability  of 
the  groundplane.  Natural  drainage  swales  exist  in  all 
desert  environments  and  must  be  considered  in  the  early 
stages  of  site  planning.  To  prevent  flood  damage,  build- 
ings should  be  kept  away  from  the  floodplains  of  drain- 
age swales. 

Vegetation.  Plant  life  provides  a method  of  control- 
ling the  shifting  nature  of  desert  areas.  Its  importance 
as  a soil  stabilizer  and  sun  screen  has  already  been  men- 
tioned. The  extremes  of  the  desert  soil,  wind,  water 
supply,  and  sun  create  a very  specialized  family  of 
plants  which  are  best  adapted  to  the  desert  environment . 
When  landscaping  in  desert  locations,  the  use  of  in- 
digenous plants  is  strongly  recommended  to  insure  suit- 
ability and  prevent  waste.  Desert  plant  types  can  be 
found  in  sources  listed  in  the  bibliography  (Kelly  and 
Fry). 

Water  Supply.  Water  is  the  missing  clement  which 
defines  a desert.  An  adequate  water  supply  is  critical  to 
the  operation  of  any  desert  installation.  Access  to  a 
nearby  water  source,  typically  an  underground  aquifer, 
is  vital  to  making  a site  feasible  for  development. 

Soils.  Soils  in  desert  locations  vary  widely  from 
place  to  place,  ranging  from  vast  areas  of  sand,  exposed 
bedrock,  boulders,  pebbles,  and  natural  cement.  Soils 
are  extensively  underlain  by  a layer  of  gravel  which  has 
been  cemented  together  by  the  soil  salts  and  adjacent 
lime.  Hardpan,  as  this  natural  cement  layer  is  called, 
presents  urainage  problems.  However,  it  usually  does 
have  a good  bearing  capacity  which  should  be  adequate 
for  most  building  foundations.  Since  vegetation  is  an 
important  site  consideration,  any  arable  land  on  a site 
should  be  fully  utilized  for  landscaping  purposes. 


1 ' k kelly  and  K I Sehnudelbach.  landscaping  the  Sauji 
Arabian  Desert  (Delancey  Press.  1 976 ».  p 4W 
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Summary  Recommendations 

1 . Group  buildings  into  oblong  blocks  oriented  in 
an  cast -west  direction. 

2.  Keep  streets  as  narrow  as  possible  and  minimize 
building  setbacks  to  provide  shade  for  the  walks  and 
streets. 

3.  Use  paving  only  where  required  to  reduce  the 
amount  of  reflection. 

4.  Shade  parking  areas  to  prevent  excessive  heat 
buildup. 

5 . Keep  walkways  and  open  spaces  shaded ; use  small- 
er. protected  courts  for  open  space. 

6.  Use  multistory  buildings  (two  to  three  stories)  to 
decrease  roof  areas. 

7.  Use  large  overhangs  or  arcades  to  shade  walls  and 
openings. 


8.  Use  a soil  barrier  berm  at  the  perimeter  of  the  in- 
stallation to  lift  wind  over  the  site. 

9.  Align  street  and  open -space  patterns  perpendicu- 
lar to  prevailing  winds. 

10.  Protect  open  spaces  with  trees  and  a soil  berm 
similar  to  the  larger  community  berm. 

1 1 . Maintain  a constant  building  height,  and  do  not 
extend  buildings  above  it  to  prevent  increased  wind  ef- 
fects. 

12.  Internalize  individual  buildings  to  provide  both 
wind  and  solar  protection. 

13.  Trap  runoff  and  store  it  in  underground  cisterns 
placed  beneath  drainage  swales. 

14.  Use  landscaping  materials  which  have  minimal 
water  needs. 
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flash  floods.  Soil  types  cannot  be  determined  simply 
on  the  basis  of  geological  conditions  as  is  done  in  other 
geographical  areas.  Instead,  soil  conditions  at  the  actual 
site  must  be  determined. 

Termite  Protection.  Building  materials  in  arid  and 
semiarid  regions  are  also  susceptible  to  termite  attack. 
Several  types  of  subterranean  termites  are  well  adapted 
to  desert  conditions,  and  steps  should  be  taken  to  pro- 
tect against  them.  See  the  termite  section  discussion  in 
Chapter  3 and  consult  Appendix  A for  chemical  appli- 
cation rates. 

Erosion  Protection.  Erosion  in  certain  desert  areas 
can  often  be  severe  due  to  the  occasionally  high  winds 
and  periodic  flash  floods.  Erosion  and  drifting  of  the 
surface  layers  of  soils  around  buildings  can  be  limited 
by  wind  protection  and  soil  stabilization.  Wind  erosion, 
which  usually  occurs  at  the  building  corners,  must  be 
limited  to  insure  overall  building  stability. 

Two  methods  can  be  applied  to  the  foundation  de- 
sign to  prevent  wind  erosion  from  causing  structural 
damage.  The  first  is  to  extend  the  foundation  below 
the  maximum  depth  of  erodible  soil,  as  shown  in  Figure 
52.  The  depth  of  potential  erosion  is  often  difficult  to 
determine  for  individual  sites  without  obtaining  infor- 
mation on  local  conditions.  Cited  examples  show  that 
erosion  of  up  to  24  in.  (61  cm)  is  not  uncommon.33 

The  second  method  is  to  stabilize  the  soil  along  the 
perimeter  of  the  foundation  to  minimize  erosion  by 
the  use  of  plant  root  systems,  gravel  backfill,  or  chemi- 
cally treated  soils  in  problem  areas  such  as  building  cor- 
ners. These  techniques  are  illustrated  in  Figure  53. 

Water  erosion  around  foundations  must  be  prevented 
also  Direct  erosion  of  foundation  soil  can  occur  during 
periodic  rainstorms  and  flash  floods.  To  avoid  such 
problems,  roof  runoff  must  be  carried  away  from  the 
building  perimeter,  and  positive  drainage  must  be  es- 
tablished around  the  building.  Soil  subsidence  or  ex- 
pansion under  the  foundation,  which  also  occurs  because 
of  water  in  foundation  areas,  is  another  problem  which 
can  he  eliminated  if  moisture  is  not  allowed  to  accumu- 
late. 

Svxtetm  and  Materials 

Because  ot  the  wide  soil  variability  typically  encoun- 
tered In  desert  areas,  a variety  of  different  foundation 


"s  M J Unison  and  I < kjvanagh.  The  Design  o]  Faun- 
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types  are  applicable.  In  general,  shallow  systems  are 
acceptable  for  all  types  of  buildings.  Raised  foundations, 
whether  of  the  point  or  perimeter  type,  should  be 
avoided  because  they  expose  the  floor  system  to  the 
intense  heat  of  the  desert.  The  foundations  and  much 
of  the  building  itself  should  be  depressed  into  the 
groundplane  to  take  advantage  of  the  earth's  insulative 
qualities. 

Suitable  foundation  materials  for  arid  climates  are 
limited.  Wood,  which  is  normally  used  in  raised  founda- 
tions, is  not  recommended.  Reinforced  masonry,  pre- 
cast concrete,  and  cast -in -place  concrete  are  preferred. 
All  remain  durable  in  desert  conditions  provided  that 
adequate  cover  is  used  around  the  reinforcing  (see 
Chapter  5). 

On-grade  concrete  slabs  supported  by  perimeter 
footings  are  generally  suitable  for  desert  construction. 
The  required  dep tit  of  the  footing  is  determined  by  soil 
and  erosion  conditions  at  the  site.  Depending  on  depth 
requirements,  either  grade  beams  or  continuous  wall 
footings  can  be  used. 

When  using  slab-on-grade  foundations  special  con- 
sideration should  be  given  to  preventing  significant 
buildups  of  moisture  around  the  building  because  the 
higher  local  moisture  content  may  cause  either  soil  col- 
lapse or  expansion,  depending  on  type  of  soil. ultimately 
resulting  in  structural  failure.  Runoff  drainage  should 
be  kept  away  from  the  foundation. 

Generally,  there  are  few  foundation  problems  in 
desert  areas  of  the  southwestern  United  States  except 
where  caliche  or  adobe  soils  are  found.  When  working 
in  caliche  soil,  which  swells  and  shrinks  with  changes  in 
moisture  content,  the  soil  must  be  removed  and  filled 
with  sand.  The  sand  is  then  wetted  and  compacted  be- 
fore pouring  the  foundation.  The  caliche  soil  can  be  re- 
moved easily  since  it  normally  runs  between  1 2 and  24 
in.  (30  to  60  cm)  in  depth.  Adobe  clay  runs  consider- 
ably deeper  than  caliche.  The  removal  of  adobe  clay  is. 
therefore,  not  normally  attempted.  Instead,  a thicker 
reinforced  slab  8 to  6 in.  (20  to  23  cm)  thick  is  used  to 
stabilize  the  expansion  and  contraction  caused  by  the 
adobe  clay. 

In  sandy  clay  and  other  desert  soils,  the  soil  under 
the  foundation  area  must  be  thoroughly  saturated  with 
water  and  then  rolled  until  the  right  degree  of  compac- 
tion is  achieved.  Figure  54  shows  dimensions  for  a 
typical  slab-on-grade  foundation  used  for  most  single- 
family and  townhouse  foundations  in  the  southwestern 
United  States. 
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Figure  54.  Typical  slab  tooting. 


Summary  Recommendations 

1 . Investigate  site  soil  profiles  and  determine  me- 
chanical properties  from  a soil  analysis  if  possible,  or  if 
not,  make  assumptions  based  on  inspection  of  local 
building  types. 

2.  Once  the  soil  type  is  determined,  check  possible 
foundation  restrictions  before  the  system  is  selected 
and  designed. 

3.  If  local  infestation  conditions  warrant,  incorpo- 
rate termite  protection  into  the  foundation  design. 

4.  Provide  wind  protection  or  soil  stabilization 
where  required  to  prevent  erosion  around  the  corners 
of  the  foundation  system. 

5.  Prevent  water  erosion  by  providing  positive  drain- 
age away  from  the  building. 

6.  Use  the  recommended  foundation  system  for 
desert  areas  on-grade  concrete  slabs  supported  by  pe- 
rimeter footings  whenever  possible. 


Floors 

Desert  Considerations 

First  Floor.  By  locating  the  first  tloor  of  the  building 
on  or  below  grade  level  in  arid  regions,  the  tloor  will  be 
cooled  naturally  by  the  ground  beneath  it.  Generally, 
this  cooling  is  a welcome  relief  from  the  oppressive 
heat  of  such  a region.  In  certain  areas,  however,  the  an- 
nual temperature  fluctuates  considerably,  and  the  cool 
floors  become  very  uncomfortable  in  the  cold  season. 
This  problem  can  be  remedied  by  using  carpeting  in  the 
cool  months,  but  in  severe  locations  the  use  of  a different 
floor  system  or  of  under-slab  insulation  is  necessary.  A 
quick  study  of  the  annual  local  temperature  range 
should  help  in  deciding  whether  to  use  a thermally  con- 
ductive or  resistive  flooring  system. 

Upper  Floors.  Realizing  that  a two-  or  three-story 
building  is  much  more  thermally  efficient  in  desert  lo- 
cations is  important.  If  a multistory  building  form  is  to 
be  used  to  its  full  advantage,  it  should  be  designed  with 
the  upper  fioor(s)  cantilevered  over  the  lower  walls  to 
provide  maximum  sun  protection.  By  designing  the 
upper  story(s)  so  that  it  can  be  opened  at  night  and 
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kept  closed  during  the  day.  an  even  more  efficient 
building  is  created.  The  floors  of  the  upper  story(s) 
should  be  well  insulated  to  minimize  heat  transfer  down 
through  the  building. 

Construction  Practices 

Insulation.  When  slab-on-grade  floor  systems  are 
used  in  arid  regions,  care  should  be  taken  to  insulate 
the  slab’s  perimeter.  This  insulation  minimizes  heat 
transfer  through  the  slab  to  the  building  interior.  The 
sketches  in  Figure  55  show  insulation  placement  for 
different  floorToundation  systems. 

As  mentioned  previously,  in  some  locations  insula- 
tion will  be  required  under  the  whole  slab.  The  thick- 
ness and  type  of  insulation  used  are  determined  by  site 
design  conditions. 

Expansion  Joints.  The  upper  floor  system(s)  is  simi- 
lar to  the  roof  and  wall  systems  in  that  it  will  be  ex- 
posed to  significant  temperature  variations  if  the  build- 
ing is  designed  as  suggested  above.  These  temperature 
changes  will  result  in  differential  expansion  and  con- 
traction forces  acting  on  the  floor  system.  Monolithic 
construction,  such  as  poured-in-place  concrete  slabs,  is 
often  damaged  by  these  forces  and  should  be  avoided. 
The  use  of  a floor  system  with  a large  number  of  small 
panels  is  recommended  to  reduce  temperature  stress 
and  strain  values. 

Termite  Protection.  As  discussed  in  the  section  on 
desert  foundations,  termites  are  present  in  some  desert 
areas.  Protection  methods  should  therefore  be  applied 
to  all  permanent  buildings  constructed  in  termite- 
infested  areas.  Slab-on-grade  floors  are  particularly  sus- 
ceptible to  infestation  because  of  the  direct  soil  contact. 
Whenever  possible,  the  soil  beneath  the  slab  should  be 
poisoned  (see  Appendix  A).  In  addition,  all  scrap  lum- 
ber, concrete  forms,  and  other  organic  matter  must  be 
cleared  away  from  each  building. 

Other  flooring  systems  also  require  protection,  the 
nature  of  which  will  depend  on  the  type  of  construction 
and  the  materials  used. 

Material  Usage 

General.  In  fully  air-conditioned  buildings  (tempera- 
ture and  humidity  controlled)  any  of  the  common 
flooring  materials  can  be  used.  In  naturally  ventilated 
buildings,  the  materials  choices  are  limited  because  of 
dust  accumulation,  extremely  low  humidity  levels,  and 
the  effects  of  intense  sunlight.  Paved  floors  are  recom- 
mended, as  they  best  adapt  to  the  restrictions  of  arid 
regions. 


Concrete.  Concrete  is  well  suited  as  a flooring  ma- 
terial because  it  is  easy  to  maintain,  is  not  greatly  af- 
fected by  the  low  humidity,  transfers  heat  very  slowly, 
and  reradiates  it  very  well.  It  is  important,  however, 
that  the  water,  cement,  or  aggregate  used  for  mixing 
must  be  free  of  impurities.  The  impurities  will  cause 
rapid  corrosion  of  the  reinforcing  steel  and  consequent 
deterioration  of  the  concrete.  Adequate  cover  must  he 
provided  around  all  reinforcing  steel.  See  Chapter  5 for 
more  detailed  information  on  the  required  materials 
and  proper  construction  practices. 

Floor  Coverings.  Where  a finish  other  than  concrete 
is  required,  the  best  materials  have  proven  to  be  ceramic, 
stoneware,  and  terrazzo  tiles.34  Asphalt  and  vinyl- 
asbestos  tiles  are  probably  also  acceptable  but  no  sub- 
stantiated evidence  is  available.  Wood  is  not  an  accept- 
able material  because  the  low  humidity  causes  it  to 
shrink,  crack,  and  warp  severely.  Carpeting  is  an  accept- 
able covering,  but  its  use  should  be  limited  because  of 
high  maintenance  costs.  Carpeting  is  the  only  covering 
with  good  insulating  qualities,  and  its  use  for  insulating 
purposes  is  acceptable. 

Summary  Recommendations 

Permanent  Buildings.  The  floors  should  be  either 
cast-in-place  concrete  slabs  or  precast  panels.  A floor 
covering,  if  required,  should  be  selected  from  those 
mentioned  above,  and  the  construction  practices  listed 
should  be  followed. 

Temporary  Buildings.  The  floors  should  be  concrete 
slabs  on  grade  where  possible.  Although  timber  floors 
may  hold  up  if  adequate  termite  protection  is  provided, 
they  should  generally  be  avoided. 

Exterior  Walls 

Design  Considerations 

Wall  Types.  Protection  from  the  intense  heat  of  the 
sun  is  a primary  determinant  in  selecting  a wall  system 
for  desert  buildings.  Traditionally,  exterior  walls  have 
been  constructed  of  massive  earthern  materials.  These 
materials  by  their  nature  and  thickness  absorb  the  neat 
and  reradiate  it  slowly  so  that  little  heat  is  gained  during 
the  day. 

To  prevent  this  type  of  wall  from  heating  up  over 
time,  the  heat  gained  during  the  day  must  be  lost  at 
night.  The  exterior  surface  of  the  walls  will  radiate  heat 
to  the  night  sky:  in  some  cases  this  process  may  cool 


nG  Lippsmeier,  Building  in  the  Tropics  ( Vcrlag  Georg  I) 
W.  Callwey,  19691.  p 178 
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Figure  55.  Insulation  placement. 
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the  wails  sufficiently . Tests  show  that  a brick  wall  32-in. 
(bO  cm)  thick  would  prevent  heat  front  ever  penetrating 
into  the  interior.35  Unfortunately,  such  a wall  is  far  too 
heavy  for  most  building  types.  Walls  with  thicknesses 
from  10  to  16  in.  (25  to  40  cm)  are  often  used.  Because 
internal  heat  gains  from  these  walls  could  become  a 
problem  at  night,  some  ventilation  is  required  to  re- 
move heat  from  the  building  interior.  Solid  wall  thick- 
nesses for  different  building  types  can  be  determined 
on  the  basis  of  the  structure's  use.  The  occupancy  pat- 
terns of  a building  can  be  used  to  calculate  how  large 
the  wall’s  heat  lag  should  be  to  provide  a comfortable 
interior  while  the  building  is  being  used.  For  example, 
an  office  building  may  need  a wall  that  provides  a 4- 
to  6-hour  Fine  lag,  whereas  a residence  may  require  a 
d-to  12-hour  time  period  to  delay  heat  entry  into  the 
building.  Once  the  time  lag  and  material  have  been  de- 
cided upon,  the  optimum  thickness  can  be  calculated 
and  incorporated  into  the  building  design. 


15  M.  Danby,  "Hie  Design  of  buildings  in  Hot-Dry  Climates 
and  the  Internal  Environment, " Build  International,  Vol  6, 
No.  I (1973).  p 61. 


An  alternative  to  using  massive  walls  for  the  whole 
building  is  to  enclose  only  daytime  living  spaces  with 
these  protective  walls  and  to  make  the  walls  enclosing 
nighttime  spaces  from  lightweight  materials.  The  heavy 
walls  will  remain  cool  during  the  day  and  lose  the  heat 
they  gained  during  the  course  of  the  night.  The  light  - 
weight  walls  will,  on  the  other  hand,  be  very  hot  during 
the  day  and  cool  off  quickly  once  the  sun  goes  down. 
This  type  of  construction  is  limited  primarily  to  resi- 
dences since  such  buildings  have  separate  use  cycles  oc- 
curring during  day  and  night.  The  only  disadvantages 
are  that  there  may  be  some  duplication  of  spaces  and 
construction  costs  will  be  higher. 

Douhle-walled  construction  is  another  suitable  sys- 
tem for  desert  locations  and  offers  several  advantages 
over  solid  walls.  The  wall  is  made  up  of  an  outer  leaf,  a 
cavity,  and  an  inner  leaf,  as  shown  in  Figure  56.  The 
outer  leaf  material  should  have  low  absorption,  heat 
storage  and  conductivity  characteristics.  Lightweight, 
hollow  bricks  seem  to  be  the  best  material  for  the  out- 
side leaf.  The  effectiveness  of  this  type  of  wall  can  be 
increased  by  using  a reflective  barrier  in  the  cavity  space 
placed  on  the  outside  face  of  the  inside  leaf  < Figure  56a). 
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a.  Single  reflective 
barrier  on  inside 
leaf. 


b.  Barrier  suspended 
in  air  space. 


c.  Reflective  barriers 
on  both  leaves. 


Figure  56.  Double-wall  construction. 


If  possible,  the  reflective  barrier  should  be  suspended 
in  the  cavity  (Figure  56b)  to  eliminate  conduction  heat 
gains  through  the  barrier.  The  cavity  space  can  be  vent- 
ed to  cool  the  wall  more  efficiently.  Some  experts  rec- 
ommend using  reflective  barriers  on  each  side  of  the 
cavity  (Figure  56c)  to  trap  the  heat  in  the  air  space.16 
The  trapped  heat  is  then  vented  out. 

Lightweight  wall  systems  are  not  often  used  in  deseri 
areas  because  without  adequate  insulation  they  quickly 
absorb  and  transmit  an  intolerable  amount  of  heat. 
When  properly  insulated,  however,  lightweight  walls 
should  be  acceptable.  Pre-engineered  and  panelized  wall 
systems  with  adequate  insulation  offer  promise,  as  they 
reduce  construction  time  to  a minimum.  Care  must  be 
taken  to  prevent  any  path  of  heat  gain  through  wall 
sections,  such  as  windows,  door  frames,  and  panel  con- 
nections, because  gains  through  these  elements  can  be- 
come sizeable.  One  advantage  to  using  lightweight  con- 


16G  Lippsineier,  Hull  (Jinx  in  the  Tropics  tVerlag  Georg  D. 
W.  Callwcy.  1969),  p 162. 


struction  is  that  it  would  provide  little  heat  storage 
capacity  and  the  building  would  therefore  cool  off 
quickly  at  night. 

Wall  Openings.  Unless  wall  openings  are  heavily 
shuttered  during  the  day,  they  transmit  large  amounts 
of  heat  into  the  building  interior.  Glazing  should  be 
avoided  where  possible  because  of  its  high  heat  trans- 
mission quality.  If  glass  is  required  it  is  recommended 
that  sealed  double  glazing  be  specified.37 

Natural  ventilation  of  interior  spaces  during  daylight 
hours  is  not  recommended  for  residential  buildings  in 
arid  regions.  Tests  have  shown  that,  if  ventilated 
throughout  the  day,  a room's  air  temperature  matched 
the  outside  temperature  and  remained  high  even  after 
the  outside  temperature  had  dropped.36  The  same 


37Lippsmeier,  p 1 79. 

,SM  Danby.  "The  Design  of  Huildings  in  Hot-Dry  Climates 
and  the  Internal  Fnvironmcnt,"  HuilJ  International,  Vol  6. 
No.  I (1973),  p 65. 


1 


67 


room  not  ventilated  during  the  day  had  indoor  temper- 
atures 18  to  20°F  1 10  to  1 1°C)  lower  than  the  outside 
air  temperature. 

It  is  not  always  possible  to  use  nighttime  ventilation 
to  totally  cool  a building.  Where  large  numbers  of 
people  are  contained  within  the  building,  such  as  in  a 
mess  hall  or  a theater,  mechanical  ventilation  and  cool- 
ing will  be  required  to  offset  the  heat  gain  generated 
and  to  supply  fresh  air.  Mechanical  systems  for  desert 
construction  will  be  discussed  in  a later  section. 

The  size  and  placement  of  openings  in  building  w alls 
are  critical  because  the  solar  intensity  is  very  high.  Any 
exposed  opening  will  admit  large  amounts  of  heat. 
Since  there  is  very  little  sky  cover  (cloudiness)  in  desert 
areas,  diffuse  radiation  need  not  be  considered  and 
shades  can  be  designed  to  stop  only  the  direct  radiation 
of  the  sun.  as  shown  in  Figure  57.  Because  of  the  large 
nighttime  temperature  drop,  many  buildings  can  he  de- 
signed with  little  or  no  mechanical  equipment,  provided 
that  they  adequately  circulate  the  cool,  nighttime  air. 
To  do  so  effectively,  large  openings  are  needed  with  ex- 
ternal shutters  to  protect  these  areas  from  heat  pene- 
tration during  the  day  and  wind  penetration  during 
storms.  Openings  should  be  kept  to  a minimum  in  me- 
chanically air-conditioned  buildings  because  each  square 
foot  of  glazing  allows  the  infiltration  of  significant  heat 
gains.  It  has  been  calculated  that  a sheet  of  glass  trans- 
mits about  eighty  times  as  much  heat  as  a well-insulated 
wail  in  arid  regions.'’9 

The  most  effective  height  of  windows  in  terms  of 
ventilation  for  human  comfort  ranges  from  18  to  60  in 
(46-152  cm)  above  the  floor  40  in  sleeping  areas  it  is 
advisable  to  keep  the  sill  right  at  the  height  of  the  beds 
to  insure  an  adequate  airflow  around  this  area.  When- 
ever higher  windows  are  required  they  should  be  of  a 
horizontally  pivoted  type  so  that  the  window  panel  de- 
flects the  airflow  down  into  the  space  (see  Figure  58). 

To  keep  building  maintenance  to  a minimum,  proper 
window  types  should  be  selected.  Sliding  glass  windows 
have  proven  to  be  unsatisfactory  because  sand  accumu- 
lates in  the  tracks  during  dust  storms,  necessitating  fre- 
quent cleaning  (see  Figure  5d).  Horizontally  pivoted 


1 'it.  S.  Saini,  Architecture  in  Tropical  Austral*. • (Melbourne 
University  Press,  1970).  p 29 

40 It.  Givoni  and  M F.  Hoffman,  “I  licet  of  Roof  Design  on 
Indoor  Climate  in  Hot  Arid  /.ones.”  timid  International.  Vol  6. 
No  5 (19731. 


(awning  and  hopper)  and  vertically  pivoted  (casement) 
windows  have  performed  adequately  in  desert  weather 
conditions  and  are  recommended.  Louvered  windows, 
unfortunately. are  slightly  pervious  to  strong  winds  and 
allow  dust  to  penetrate,  so  they  are  not  recommended. 
When  natural  light  but  not  ventilation  is  needed, shaded, 
double-pane,  tinted,  fixed  glass  is  recommended. 

Construction  Pren  tices 

Surface  Treatment.  As  mentioned  in  Chapter  3.  the 
color  of  the  building  exterior  determines  to  a great  ex- 
tent the  amount  of  heat  it  gains.  In  desert  construction 
the  external  wall  material  should  have  low  absorptivity 
and  should  be  painted  white  as  shown  in  Figure  60  li 
has  been  lound  in  an  experimental  building  coated 
with  whitewash  that  the  wall  surface  temperature  was 
actually  lower  than  shade  air  temperature  tor  most  of 
the  day  41  Other  research  also  indicates  that  proper 
color  selection  has  a significant  influence  on  the  tem- 
perature inside  a building. 

Wind  Considerations.  Duststorms  o,  cur  fairly  ire 
quently  in  desert  areas,  producing  a sandblasting  ef- 
fect on  structures.  For  this  reason  the  durability  of  the 
exterior  wall  finishes  becomes  important  to  the  overall 
weatherability  of  the  building.  Coatings  for  different 
w all  materials  will  be  discussed  in  a later  section  of  this 
chapter.  The  wall  systems  must  be  designed  to  take  the 
full  wind  load  recommended.  Horizonal  or  vertical  re- 
inforcements are  frequently  used  to  strengthen  certain 
types  of  walls  such  as  adobe  or  concrete  block.  Free- 
standing or  protruding  wall  elements  are  very  vulner- 
able and  must  be  tied  toeether  and  anchored  well. 

Pest  Control.  Solid  wall  construction  is  subject  to 
settlement  and  temperature  cracks  which,  unless  fixed, 
will  allow  termite  infestation.  At  locations  where  there 
are  termite  problems,  cavity  wall  construction  requires 
the  use  of  termite  shields  at  the  base  of  the  wall  and 
fine  screening  over  all  vent  openings.  Frame-and-panel 
wall  construction  requires  no  special  considerations 
other  than  to  make  sure  that  all  panel  seams  are  ade- 
quately sealed.  On  operable  windows  and  panels, 
screens  should  he  used  when  needed  Their  use  should 
be  limited  bee  nrse  they  w ill  result  in  a much  lower  air- 
flow through  the  building  (as  much  as  50  percent  less) 

Insulation.  A layer  ol  insulation  should  be  placed  on 
the  outside  of  heavy  solid  or  cavity  walls  to  protect  the 

41  XI  DanFy  I lie  Desum  ol  UuiUlimo  in  Hoi  Dry  Climates 
and  the  Internal  Fnvironment."  timid  International  Vol  h. 
No  l ( |97.t|.  p hi 
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Figure  57.  Shaded  windows  and  wall 


Overhong  Provides  Wind  a 
Rain  Protection  — — ^ 


Inward  Opening 
Window  Causes 
Downward  Flow 


Hopper  Window 
Couses  Down- 
Word  Flow 


ier  window  placement 


■ i — 4 

• 4 

Figure  59.  Sliding  window  dust  accumulation 


Figure  60.  Light-colored  building. 
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walls  from  heating  excessively.  This  insulation  will 
limit  the  effects  of  expansion  and  contraction  forces 
and  also  can  allow  the  walls  to  retain  the  coolness  they 
can  gain  at  night  by  ventilation.  The  type  and  thickness 
of  insulation  used  will  he  determined  by  the  heat  lag 
desired. 

Panel-and-frame  walls  must  include  a good  layer  of 
insulation  because  having  no  mass  they  transmit  heat 
very  quickly.  If  shutters  are  used  to  cover  window's  and 
other  openings,  they  will  probably  be  similar  in  con- 
struction and  should  be  insulated  in  the  same  manner. 
The  thickness  and  type  of  insulation  is  dependent  on 
the  heat  resistance  needed. 

Masonry  Wall  Crack  Control.  Masonry  wall  cracking 
can  occur  for  several  reasons:  foundation  movement, 
lateral  forces,  movement  of  other  building  elements  to 
which  the  walls  are  attached,  temperature  effects,  and 
shrinkage  due  to  moisture  loss  and  carbonation  42  The 
main  effects  of  the  arid  climate  are  increased  tempera- 
ture differentials  and  larger  unit  shrinkage  values.  Tem- 
perature effects  can  be  reduced  by  providing  shade  for 
the  wall  areas,  using  insulation  as  discussed  above,  pro- 
viding mechanical  cooling,  and  increasing  the  reflectivity 
of  the  wall  materials.  Shrinkage  cracking  of  concrete 
masonry  units  is  a major  problem  in  arid  climates  be- 
cause of  the  low  relative  humidity.  To  control  shrink- 
age cracking,  the  use  of  moisture-controlled  blocks 
( ASTM  0)0-70  Type  1 ) should  be  specified.  Doing  so 
limits  the  moisture  content  of  each  installation  to  not 
more  than  25  to  35  percent,  depending  on  the  total 
linear  shrinkage  potential  of  the  units. 

Some  methods  of  minimizing  wall  cracking  due  to 
shrinkage  and  temperature  are  to: 

1 . Provide  vertical  control  joints  in  the  walls.  Proper 
spacings  based  on  experience  in  Saudi  Arabia  are  listed 
in  Table  5. 

2.  Use  mortar  which  has  high  tensile  strength  char- 
acteristics. 

3.  Reinforce  horizontal  joints. 

4.  Use  bond  beams  at  appropriate  locations  in  the 
wall. 


42  LcMessuricr  Associates/SCI.  Investigation  of  Cracking  in 
Structures.  King  Abdul- Aziz  Military  Cantonment  ( 1 9 74 1. 
P 122. 


Shrinkage  cracking  of  brick  masonry  walls  is  not  a 
problem,  so  control  joints  need  not  be  used.  Expansion 
joints  are  recommended  through  all  structures  which 
exceed  200  ft  (60  m)  in  the  longest  dimension. 

Care  must  be  taken  to  insure  that  masonry  walls  are 
not  restrained  from  moving  by  other  building  elements. 
The  difference  in  materials  and  temperatures  will  often 
cause  differing  rates  of  expansion  and  contraction  for 
the  wall  and  the  other  elements  Stresses  will  then 
build  up  until  released,  in  most  cases,  by  the  wall 
cracking. 

Material  I sage 

Structural  Wall  Members.  Concrete  is  an  excellent 
material  for  wall  construction  in  general.  Its  large  heat 
capacity  and  low  conductance  values  can  be  used  to  ad- 
vantage if  properly  applied.  The  problems  with  using 
concrete  are  in  the  placing  and  curing  processes,  as  dis- 
cussed in  Chapter  5. 

Concrete  masonry  is  in  many  respects  similar  to 
concrete  and  is  acceptable  as  a w'all  material  for  arid 
construction.  It  is,  however,  affected  strongly  by  solar 
radiation  during  the  construction  process,  as  the  heat 
quickly  drives  off  the  moisture  in  the  mortar  and  cre- 
ates a weaker  bond  strength.43  This  problem  is  generally 
remedied  by  adding  extra  water  to  the  mix.  Concrete 
masonry  walls  are  subject  to  cracking  once  in  service, 
as  discussed  above,  and  require  proper  detailing  to  in- 
sure that  no  problems  develop. 

Brick  masonry  is  very  similar  to  concrete  masonry 
as  a wall  material  but  has  a few  different  properties.  It 
is  a dense  material  like  concrete  but  is  not  subject  to 
shrinkage.  It  must  be  designed  for  expansion  forces, 
however.  The  construction  process  is  affected  strongly 
by  solar  heat  in  the  same  manner  as  is  concrete  mason- 
ry construction. 

Adobe  and  rammed  earth  walls  are  often  used  in 
arid  regions.  Because  of  the  low  humidity  and  lack  of 
rain,  these  walls  will  remain  fairly  intact  without  any 
stabilizing  materials.  The  use  of  binders  to  strengthen 
the  blocks  or  walls  is  recommended  to  increase  resist 
ance  to  the  abrasive  effects  of  the  wind. 

Frame  walls  are  not  normally  used  in  arid  regions. 
Wood  framing  warps  and  checks  severely  when  exposed 


43NAHB  Research  foundation.  Inc..  All  Weather  Home 
Huilding  Manual  (li.S.  Governmenl  Priming  Office,  1 975 1. 
p 104 
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Table  5 

Concrete  Masonry  Wall  Joint  Placement 


Maximum  Spacing  of  16  ft  (5.0  m) 
Control  Joints**-1'  or  2.0  H 


20  ft  (6.0  m) 
or  2.4  H 


2 3 ft  (7.0  m 1 
or  2.8  II 


26  ft  (8.0  ml 
or  3.2  H 


Vertical  Spacing  of 

Horizontal  Joint  No  Reinf. 

Reinforcing1'1' 


24  in. (60 
cm)  c-c 


16  in.  (40 
cm)  c-c 


8 in.  (20 
cm)  c-c 


*lrom  LeMessurier  Associates/SCI  Investigation  of  Cracking  in  Structures,  king  \hjui  \:i:  Militan 
Cantonment  (Unpublished,  1974),  p 130. 

**Table  is  based  on  use  of  ASTM  C90  Type  1 moisture-controlled  masonry  units 
TSpacing  shall  not  exceed  the  smaller  of  the  dimensions  shown.  II  - height  ot  wall  panel. 

■fTJoini  reinforcement  shall  include  2 or  more  longituJinal  steel  wires,  minimum  total  area  = .0346  sq 
in.  (.223  cm’ ). 


to  direct  sunlight  and  low  humidity.  Sand  and  dust 
seepage  from  daily  winds  also  creates  problems  in  frame 
construction  because  sand  and  powdered  dust  penetrate 
any  unsealed  crack  or  crevice.  Steel  and  aluminum 
framing  members  are  suitable,  but  the  high  daytime 
temperatures  may  make  these  materials  too  hot  to 
handle. 

Claddings.  Lightweight  wall  construction  is  practical 
if  the  framing  problems  mentioned  above  can  be  re- 
solved. Galvanized  corrugated  metal  sheets  are  satisfac- 
tory as  exterior  siding  materials.  Again,  the  heat  ab- 
sorbed by  the  panels  during  construction  may  make 
handling  and  installation  difficult. 

Baked-enamel  steel  panels  appear  to  be  suitable  for 
wall  construction.  However,  the  durability  of  the 
enamel  coating  has  not  been  established  for  desert  ex- 
posures. The  abrasiveness  of  the  wind  and  the  intense 
sunlight  may  cause  the  finish  to  deteriorate.  If  used, 
the  panels  should  be  finished  with  a light  reflective 
coating. 

Aluminum  sheets  are  also  a good  cladding  material 
for  desert  construction.  High  reflectivity  (85  percent 
initially)  and  good  weathering  characteristics  are  the 
advantages  offered.  Aluminum  does  have  a high  heat 
storage  capacity,  which  can  cause  handling  problems, 
and  it  is  very  noise  in  storms. 

Asbestos-cement  sheets  are  satisfactory  for  exterior 
siding  if  installed  properly  ( Figure  61).  Asbestos-cement 
shingles  without  proper  backing,  however,  are  too  frag- 
ile under  high  wind  and  dust  storm  conditions  and 
should  not  be  used  as  a siding  material 


Stucco  is  suitable  as  a cladding  material,  but  the  ap- 
plication process  is  strongly  affected  by  the  heat.  The 
large  areas  of  stucco  exposed  to  the  hot.  low-humidity 
air  allows  rapid  loss  of  moisture  by  evaporation.  Unless 
the  moisture  lost  is  replaced,  the  chemical  curing  pro- 
cess will  not  continue  and  the  stucco  will  not  seal  prop- 
erly44 Because  of  this  moisture  problem  and  the  long 
application  time  required  (21  days)  stucco  wall  finishes 
are  not  recommended  for  desert  applications. 

Fiberglass  corrugated  sheets  are  very  durable  in  hot- 
weather  construction  and  are  suitable  as  siding  panels  if 
they  are  adequately  supported.  Other  types  of  plastic- 
sheets  and  panels  are  variable  in  their  performance 
under  the  extremes  of  heat  and  low  humidity. 

Because  of  its  poor  weathering  characteristics,  wood 
is  not  recommended  as  a siding  material  for  permanent 
construction  in  deserts.  Its  main  faults  are  dimensional 
instability,  checking  and  cracking,  and  poor  paint  hold- 
ing qualities  (Figure  62). 

Wall  Opening  Inserts.  Double  pane  reflective  glass  is 
recommended  for  general  use  to  minimize  the  transmis- 
sion of  heat  In  air-conditioned  buildings  where  the 
temperature  differential  is  large,  triple  glazing  may  be 
considered  if  economically  feasible  and  locally  available. 
Window  shutters  should  be  heavily  insulated  panels 
made  of  one  of  the  cladding  materials  suggested  above. 
Clad  aluminum  alloy  screen  is  recommended  for  general 


44  N'  A 1 1 H Research  Foundation.  Inc..  All  Weather  Home 
HuilJing  Manual  (US  Government  Printing  Office.  1975). 
p 97 
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use.  Screens  should  be  either  a number  16  or  18  mesh 
and  should  be  attached  to  the  frame  with  continuous 
perimeter  splines. 

txierior  doors  should  be  heavily  insulated  and  well 
sealed.  In  air-conditioned  buildings,  vestibules  may  be 
used  lo  reduce  infiltration  heat  gains  and  dust  pene- 
tration. 

Summary  Recommendations 

Permanent  Buildings.  Whenever  possible,  heavy  solid 
or  cavity  walls  should  be  used  for  permanent  construc- 
tion. They  provide  excellent  protection  if  properly  in- 
sulated. and  the  ability  to  use  the  heat  stored  in  the 
walls  for  nighttime  heating  is  a strong  advantage.  Con- 
crete is  the  best  material  available,  but  it  does  require 
special  attention  during  the  placing  and  curing  processes. 
All  wall  openings  should  be  well  sealed  and  protected 
from  the  sun  and  heat  by  overhangs  and  shutters.  The 
external  wall  finish  should  be  reflective:  a metal  or 
white  finish  is  recommended  for  isolated  buildings,  and 
light,  subdued  finishes  should  be  used  in  urban  settings. 

Temporary  Buildings.  Heavily  insulated  lightweight 
wall  systems  are  recommended  over  the  heavier  solid 
and  cavity  walls  because  of  significantly  shorter  erec- 
tion times  and  comparable  insulating  qualities.  Kxterior 
finish  requirements  and  wall  opening  considerations  are 
the  same  as  for  permanent  construction. 


When  a building  is  used  only  during  the  day  (tor  ex- 
ample, an  office),  the  roof  thickness  may  be  reduced, 
resulting  in  a shorter  time  lag.  A time  lag  of  four  to  six 
hours  may  be  needed  to  insure  that  the  passage  of  heat 
is  delayed  until  the  building  is  unoccupied.  A longer 
time  lag  of  nine  to  twelve  hours  may  be  required  when 
the  building  is  occupied  24  hours  per  day  to  insure  that 
heat  emission  to  the  interior  is  delayed  until  the  time 
of  lowest  evening  air  temperature  .45 

Roof  reflectance  plays  an  important  role  in  desert 
facilities  just  as  it  does  in  the  tropics  by  reducing  the 
amount  of  heat  absorbed  by  the  roof.  White  or  shiny 
metallic  surfaces  are  recommended.  Whitewash  may 
be  the  best  method, but  it  does  require  extensive  main- 
tenance. as  evidenced  by  Figure  63.  As  in  the  tropics, 
there  must  be  a similar  concern  for  maintenance  of  a 
high  level  of  reflectance.  In  the  desert,  however,  the 
problem  is  one  of  wind-borne  dust.  Along  coastal  areas, 
corrosion  and  other  effects  of  humidity  will  be  of  con- 
cern. 

The  thermal  resistance  afforded  by  insulation  can  be 
used  advantageously  in  the  desert  to  maintain  natural 
cooling.  Insulation  can  be  used  in  thick  roofs  to  pro- 
vide a separation  between  hot  and  cool  surfaces  in  a 
layered  construction.  Insulation  can  also  be  used  on 
the  exterior  roof  surface  of  thinner  roofs  to  increase 
thermal  time  lag. 


Roofs 

Design  Considerations 

Roof  design  in  desert  climates  is  based  on  differing 
and  somewhat  conflicting  premises  from  those  on  which 
tropical  roofs  are  designed.  Physical  comfort  in  the 
desert  depends  primarily  on  protection  from  direct  and 
reflected  solar  radiation.  Given  sufficient  protection, 
the  human  body  can  be  cooled  by  radiation  of  body 
heat,  evaporation  due  to  low  ambient  relative  humidity, 
and.  in  certain  cases,  convection.  The  relatively  large 
diurnal  temperature  change  in  desert  climates  is  the 
principle  characteristic  which  influences  roof  design. 
Roofs  are  designed  to  protect  the  interior  during  the 
day  and  then  cool  off  during  the  evening. 

Traditional  roofs  in  desert  climates  are  heavy,  thick, 
and  dense.  The  lag  between  the  time  when  the  roof 
starts  to  store  heat  and  when  it  gives  the  heat  off  is 
variable.  The  time  lag  depends  on  the  thermal  absorp- 
tion and  conductance  properties.  Once  the  material  is 
chosen . the  thickness  of  the  roof  determines  the  amount 
of  time  it  takes  for  the  heat  to  penetrate  inside. 


In  the  design  of  heavy  monolithic  roofs,  or  roofs  of 
a material  dissimilar  to  that  of  the  wall,  movement  in- 
duced by  thermal  contraction  and  shrinkage  must  be 
carefully  considered.  This  problem  is  serious  in  concrete 
structures  where  the  roof  and  wall  are  tied  together 
structurally. 

Wind  affects  desert  roofs  similarly  to  tropical  roofs. 
Flashing  details  are  especially  important,  as  the  desert 
wind  tends  to  blow  off  poorly  attached  roofing  (see 
Figure  64). 

In  summary,  the  design  of  a satisfactory  roof  is  de- 
pendent on  the  designer's  accurately  pinpointing  the 
actual  climate  for  which  the  building  is  being  designed. 
Desert  climates  vary  significantly,  ranging  from  hot-dry 
to  hot-humid  coastal  areas.  The  climate  also  influences 
the  selection  of  roofing  materials  and  construction 
methods. 


4,0  It.  Kocnigsbcrgcr.  cl  al  . Manual  oj  Tropical  Housing 
and  Building,  Tart  One  Climatic  Design  (Longman.  1973) 
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Construction  Practices 

Traditional  roofs  in  desert  climates  are  flat,  providing 
maximum  exposure  to  solar  incidence  but  also  maxi- 
mum emission  of  heat  to  the  cooler  night  air.  In  addi- 
tion , flat  roofs  provide  another  living  area  when  interior 
temperatures  remain  too  high  for  sleeping.  For  perma- 
nent buildings,  roofs  will  most  likely  be  heavy  in  an  ef- 
fort to  store  heat.  Temporary  or  semipermanent  build- 
ings like  the  one  pictured  in  Figure  65  will  have  roofs  of 
lighter  construction,  relying  almost  exclusively  on  re- 
flectance and  resistance  insulation  to  maintain  lower 
interior  temperatures.  By  eliminating  windows  and 
minimizing  the  number  of  entrances,  the  interior  of 
this  type  of  building  can  be  kept  fairly  comfortable  by 
using  evaporative  coolers.  In  either  case,  the  roof  thick- 
ness can  be  reduced  by  layering  roofing  materials  to 
make  use  of  differing  thermal  characteristics.  Evapora- 
tive cooling  is  also  an  effective  alternative  for  flat  roofs 
where  water  is  available  at  low  cost;  ponding  or  spraying 
both  appear  to  be  useful.46  Another  related  method  de- 
veloped by  Givoni  and  Hoffman47  involves  using  layers 
of  aggregate  cooled  by  spraying  (see  Figure  66).  Evapo- 
ration from  a roof  spray  occurs  in  the  course  aggregate, 
and  cooled  air  sinks  below  that  layer.  Both  evaporation 
and  the  white  layer  reduce  heat  buildup.  The  spray  can 
be  turned  off  at  night  to  encourage  radiation  cooling. 

Sloped  roofs  have  not  found  wide  usage  in  the  des- 
ert. Ventilation  of  the  space  beneath  a sloped  roof  ap- 
pears to  be  questionable,  although  sufficient  data  re- 
garding ventilation  rate  are  not  available  to  eliminate 
this  alternative.48  When  nonmechanical  venting  (such 
as  a turbine  vent)  is  available,  a forced  draft  can  be  cre- 
ated which  will  draw  air  below  the  roof.  Even  though 
the  air  temperature  is  higher  than  desired  for  interior 
comfort,  it  will  still  be  lower  than  the  roof  temperature. 
A ceiling  or  second  roof  layer  will  be  necessary  to  main- 
tain reduced  interior  temparatures  in  such  a case. 

Double  flat  roofs  appear  to  be  gaining  increased 
usage  in  new,  permanent  construction.  The  outer  roof 
serves  as  a shading  and  reflective  surface  for  the  roof 
below.  In  addition,  temporary  and  permanent  roofs 
can  and  should  shade  as  much  of  the  wall  and  outside 
ground  area  around  the  building  as  possible.  Double 
roofs  can  also  be  adopted  for  lighter  temporary  build- 

46c;  Uppsmeier,  Building  in  the  Tropics  (Vcrlag  Georg  D. 
W Callwey,  l%9).  p 162. 

47lt  Givoni  and  M.  E.  Hoffman,  "Effect  of  Roof  Design  on 
the  Indoor  Climate  in  Hot  Arid  Zones,”  Build  International. 
Vol  6,  No.  5 f 1 973),  p 535. 

48Givont  and  Hoffman,  p 531 . 


ings  as  described  for  tropical  climates,  but  costs  may  be 
considerably  higher.  To  reiterate,  the  outer  surface  pro- 
vides shade  and  reflectance,  an  inner  air  space  is  venti- 
lated to  remove  heat,  and  the  second  layer  or  ceiling  is 
fashioned  from  insulating  material  and  a reflective  sur- 
face facing  the  air  space. 

Material  Usage 

Corrugated  galvanized  iron  is  suitable  for  temporary 
roofing  when  it  can  be  adequately  coated  for  reflective 
purposes.  In  coastal  areas  it  should  be  used  only  where 
it  can  be  protected  from  corrosion. 

Aluminum  sheeting  is  appropriate  for  similar  reasons, 
although  the  reflective  surface  can  be  damaged  by  the 
scouring  action  of  dust -laden  winds  or  the  reflectivity 
may  be  reduced  through  a buildup  of  dust. 

Connections  attaching  the  sheet  metal  roofingshould 
permit  a considerable  amount  of  thermal  movement  to 
allow  for  temperature  changes.  Movement  should  not 
be  transmitted  to  structural  supports. 

When  concrete  is  desired  for  permanent  construc- 
tion, certain  roofing  systems  are  preferable  to  others. 
The  most  satisfactory  system  uses  a maximum  number 
of  components  which  are  free  to  individually  shrink 
over  time  without  transmitting  forces  over  the  entire 
roof.  Precast  elements  have  served  satisfactorily  to 
cover  the  roof.  Cast-in-place  concrete  is  also  satisfac- 
tory if  enough  expansion  joints  are  provided.  Con- 
scientious concrete  roof  design  can  prevent  many  roof 
problems.  Work  by  LeMessurier  Associates  (SCI)49  for 
the  Corps  of  Engineers  has  produced  a reasonable  de- 
sign tool  and  set  of  considerations  for  concrete  roofs  in 
desert  climates.  This  work  is  recommended  as  a refer- 
ence source. 

Conventional  built-up  roofing  systems  should  be 
covered  with  white  or  light-colored  aggregates  to  reduce 
solar  radiation.  If  painted,  the  roof  coating  will  have  to 
be  periodically  renewed  to  insure  reflectance.  Figure 
67  shows  how  whitewash  weathers  away . Asphalt  used 
for  the  built-up  roofing  should  be  of  a high-melt  type. 

Other  roofing  materials  such  as  asbestos-cement  or 
clay  tile  will  serve  adequately  as  long  as  they  are  pro- 
tected from  breakage  during  installation  and  are  white- 
washed to  reflect  solar  radiation. 

49 LeMessurier  Associates/SCI.  Investigation  of  Cracking  in 
Structures,  King  Abdul  Aziz  Military  Cantonment  (unpub- 
lished, 1974). 
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Figure  65.  Lightweight  reflective  building. 
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Figure  66.  Layered  roof  construction 


, in  .... - , I..J  I.  , i iiwi^ ip  mui.m  <•  >yo' 


Figure  67.  Faded  whitewashed  roof. 


Summary  Recommendations 

1 . The  designer  should  ascertain  to  the  maximum 
extent  the  characteristics  of  the  climate  for  which  the 
building  is  being  designed. 

2.  The  exterior  surface  material  should  be  white  or 
whitewashed. 

3.  Permanent  and  temporary  roofs  should  be  de- 
signed in  layers.  Permanent  roofs  may  have  insulation 
as  a replacement  for  an  air  space  in  temporary  facilities. 

4.  If  cast-in-place  concrete  is  used  for  roofing, 
enough  expansion  joints  should  be  provided  Smooth 
joints  between  the  wall  and  the  roof  must  be  provided 
to  allow  this  roof  slab  to  move  freely. 

5.  Aluminum  or  corrugated  galvanized  iron  roofs 
should  be  used  for  temporary  buildings,  taking  into  ac- 
count the  need  for  suitable  maintenance  of  the  reflec- 
tive surface  and  a second  insulating  layer  below. 

6.  Air  spaces  of  double-roof  construction  should  be 
ventilated  when  dust  problems  can  be  minimized. 

7.  Eaves  should  be  of  the  maximum  length  possible. 


8.  Asphalt  used  for  built-up  roofing  should  be  of 
the  high -melt  type. 

Interior  Walls 

Design  Considerations 

Interior  walls  in  desert  buildings  are  subject  to  few 
of  the  restrictions  which  apply  to  external  walls.  The 
two  important  weather  elements  of  the  desert  climate, 
sun  and  wind,  are  both  absent  inside  the  building,  so  a 
wide  variety  of  materials  can  be  used.  In  air-conditioned 
buildings,  any  common  wall  material  may  be  used.  When 
naturally  ventilated,  building  interiors  are  dried  out  by 
the  low  relative  humidity.  Hence,  wood  and  other  ma- 
terials strongly  affected  by  low  humidity  levels  are  not 
recommended. 

Nighttime  ventilation  is  a very  good  method  of  cool- 
ing in  arid  regions  because  of  the  large  diurnal  tempera- 
ture range.  Interior  wall  placement  should  provide  for 
such  ventilation.  Because  the  building  envelope  is  usually 
heavy,  interior  partitions  are  often  bearing  walls,  severe- 
ly restricting  the  benefits  of  natural  ventilation  by  limit- 
ing air  circulation.  To  provide  sufficient  ventilation, 
either  the  traditional  vertical  exhausts  (wind  chimneys) 
should  be  incorporated  into  the  internal  walls,  or  a cen- 
tral ductwork  system  should  be  provided  to  create  an 
airflow. 
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Since  interior  walls  are  often  structural,  they  can 
store  the  nighttime  coolness  if  the  interior  is  properly 
ventilated.  The  heat  storage  property  of  heavy  building 
materials  also  allows  them  to  store  heat.  This  require- 
ment is  the  major  drawback  to  the  natural  method  of 
cooling  because  if  the  occupants  do  not  ventilate  the 
building  daily,  the  heat  gains  steadily  accumulate,  are 
stored  in  the  interior  wails,  and  cause  the  building  to 
become  excessively  warm. 

In  the  event  that  daily  ventilation  is  not  possible, 
the  best  wall  system  would  be  lightweight  and  would 
have  very  little  heat  storage  capacity. 

Co  nstructio  1 1 Prac  tices 

The  color  of  interior  walls,  floors,  and  ceilings  de- 
termines to  a large  extent  the  amount  of  artificial  light 
required  during  the  daylight  hours.  Since  natural  light- 
ing is  very  limited,  the  use  of  very  light  finishes  is  rec- 
ommended to  maximize  light  reflection.  Also,  the  day- 
light that  enters  through  the  windows  is  very  bright 
and  can  cause  a discomforting  glare  unless  wall  areas 
around  the  openings  are  finished  in  light  tones. 

Material  Usage 

In  air-conditioned  buildings  the  choice  of  interior 
wall  materials  is  subject  to  few  limitations  because  the 
humidity  can  be  raised  to  suitable  levels,  it  is  recom- 
mended, however,  that  materials  which  are  strongly  af- 
fected by  low  humidity  levels  not  be  used  because  they 
can  become  damaged  in  the  event  of  a power  failure  or 
if  natural  ventilation  is  used  at  night. 

Exposed  concrete  walls  are  suitable  for  the  building 
interior  because  they  do  provide  a large  cooling  storage 
capacity.  Additionally,  they  can  act  as  internal  bearing 
walls  to  help  carry  the  roof  loads,  and  they  offer  good 
fire  protection.  Coatings  used  to  finish  concrete  walls 
are  discussed  in  a later  section  of  this  chapter. 

Masonry  is  also  good  when  a heavy  internal  wall  is 
needed  for  thermal  or  structural  purposes.  Exposed 
brickwork  usually  needs  to  be  painted  to  provide  a 
light  finish  (see  the  section  on  paintings  and  coatings 
for  suitable  materials) 

Gypsum  board  is  generally  too  fragile  to  be  used  for 
interior  partitions.  When  a lightweight  wall  system  is 
needed,  metal  studs  and  metal  or  fiberglass  panels  arc 
suggested.  Wood  studs,  panelling,  trimwork.  and  doors 
are  not  recommended  because  of  their  susceptibility  to 
low  humidity  and  termite  attack.  If  used,  all  wood 
should  be  kiln  dried  to  limit  shrinkage  and  warpage. 


Summary  Recommendations 

Interior  walls  for  permanent  facilities  should  be 
massive  when  adequate  nighttime  ventilation  can  be 
provided.  The  best  materials  for  this  type  of  wall  are 
concrete  and  masonry.  Lightweight  walls  and  partitions 
should  be  used  where  daily  ventilation  is  not  practical 
and  should  be  made  of  metal  or  fiberglass.  Since  wall 
partitions  are  flexible  in  placement, care  should  be  taken 
to  allow  good  ventilation  around  these  obstacles. 

Use  of  interior  walls  for  temporary  construction 
should  be  minimized  because  they  limit  the  air  flow. 
Where  needed,  they  should  be  lightweight, light  in  color, 
and  made  of  the  materials  suggested  above. 

Building  Hardware 

Current  research  on  desert  construction  practices 
has  not  revealed  any  special  considerations  concerning 
the  durability  of  various  types  of  building  hardware. 
However,  some  general  assumptions  can  be  made  on 
the  weathering  of  external  hardware  exposed  to  the 
sun's  heat  and  the  desert  wind.  High  daily  temperatures 
and  low  humidity  should  not  seriously  affect  the  opera- 
tion of  various  hardware  parts.  Wind  causes  the  only 
problem  because  it  carries  dust  and  sand  which  abrade 
and  penetrate  all  building  components  exposed  to  it. 
The  effects  of  abrasion  can  be  minimized  by  specifying 
brushed  metal  finishes  for  all  exterior  hardware.  Pene- 
tration and  accumulation  of  dust  and  sand  into  hard- 
ware mechanisms  will  cause  a loss  of  lubrication.  Gen- 
erally this  is  remedied  by  periodic  maintenance.  More 
mechanically  complicated  hardware  such  as  cylinder 
locks  should  not  be  used  in  exposed  locations  because 
they  present  more  maintenance  problems. 

Electrical  Equipment 

Desert  environments  do  not  seriously  affect  the  in- 
stallation and  maintenance  of  electrical  systems.  There 
are  some  special  provisions,  however,  which  are  listed 
below. 

1 . In  the  past  intense  desert  sunlight  has  caused  the 
structure  of  plastic-coated  cables  to  break  down,  dras- 
tically lowering  their  durability.  Some  plastic  coatings 
recently  developed  (within  the  past  5 to  10  years)  do 
not  deteriorate  and  are  acceptable.  All  plastic-coated 
cables  used  must  be  sheathed  with  the  newer  type  of 
plastic  to  insure  adequate  service. 

2.  I arger  conductor  sizes  than  those  normally  used 
in  temperate  climates  are  required  to  provide  the  same 
current-carrying  capacity  because  of  the  higher  ambient 
temperatures.  See  Article  .'10  of  the  National  Electrical 
Code  for  specific  sizing  requirements. 
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3.  All  external  equipment  must  he  dustproof  to 
prevent  the  accumulation  of  dirt.  The  extra  material 
costs  should  more  than  offset  the  savings  in  mainte- 
nance. 

4.  Pest  damage  to  underground  cables  can  he  severe 
in  certain  locations.  Abrasive  coatings,  metal  shields, 
and  chemical  treatment  are  all  effective  methods  of 
providing  protection. 

5.  All  electrical  outlets  should  be  compatible  with 
locally  available  appliances. 

Mechanical  Systems 

Forced  Ventilation 

Circulating  and  exhaust  fans  have  limited  potential 
for  providing  daytime  comfort  in  hot  arid  regions.  Cross 
ventilation  or  air  movement  when  temperatures  exceed 
98°F  (3  7°C)  may  result  in  a net  heat  gain, as  mentioned 
previously.  Daytime  comfort  is  usually  dependent 
upon  the  mass  of  the  building  absorbing  the  heat  of  the 
day  or  on  mechanical  cooling. 

Nighttime  ventilation  is  extremely  important,  as  the 
cool  night  air  can  be  used  to  exhaust  the  heal  from  the 
building  and  also  to  provide  comfort  for  the  inhabitants. 
Exhaust  or  attic  fans  can  be  very  effective  in  providing 
a large  enough  airflow  to  cool  a building  if  located  in  a 
central  position  in  the  ceiling  or  attic.  Australian  tests 
showed  that  where  the  diurnal  temperature  range  ex- 
ceeded 20° F (I  l°C)  the  rate  of  temperature  drop  in  a 
house  using  an  attic  fan  was  twice  that  which  occurred 
as  a result  of  natural  ventilation ,so  By  properly  sizing 
the  fan  to  remove  the  internal  heat  gain  stored  in  the 
building  mass,  indoor  temperatures  dropped  to  a level 
close  to  the  outdoor  temparature  and  provided  a com- 
fortable environment. 

Any  type  of  ducted  ventilation  or  air-conditioning 
system  will  require  a filtration  unit  to  prevent  excessive 
dust  accumulation.  If  the  mechanical  system  is  used 
during  the  day.  especially  in  the  late  afternoon  when 
large  amounts  of  dust  are  suspended  in  the  air  by  winds, 
the  filters  will  require  frequent  periodic  maintenance. 
If  possible,  mechanical  systems  should  be  used  primarily 
at  night  to  reduce  dust  infiltration  and  maintenance 
problems. 


’ I | Weston.  Ventilation  and  Cooling  of  ti  House  With 
an  Attic  Fxhenit  Fan.  Special  Report  «9  (Commonwealth  I s 
periment.il  building  Stations,  Sydney.  Australia.  1972). 


In  hot  dry  areas  the  relative  humidity  is  very  low. 
and  the  cooling  effect  of  evaporating  water  can  be  used 
to  reduce  indoor  temperatures  significantly.  Evaporative 
coolers  take  advantage  of  the  latent  heat  of  vaporiza- 
tion of  water  to  provide  cooling.  This  system  has  been 
used  in  hot  arid  countries  for  centuries.  Mechanized 
versions  of  such  a system  are  now  packaged  and  sold 
commercially  as  room-sized  ot  larger  central  units. 
Evaporative  coolers  arc  relatively  simple  in  construc- 
tion; the  components  are  a circulating  pump,  an 
evaporation  chamber,  and  a fan.  This  system  is  very 
economical  in  that  it  provides  cooling  (10  to  20CF  or  6 
to  1 l°C  temperature  reduction)  comparable  to  that  of 
conventional  air  conditioners  at  about  one  fifth  the 
cost.  The  effectiveness  of  a cooler  depends  heavily  on 
the  daily  relative  humidity.  Approximate  temperature 
drops  for  different  relative  humidities  are  given  in 
Table  6. 

Some  limitations  of  this  type  of  cooling  must  be 
mentioned.  During  periods  of  high  relative  humidity 
such  as  the  w'et  season  the  evaporation  system  cannot 
work  effectively.  However,  the  cooler  can  still  work  as 
a straight  ventilation  system  and  provide  a degree  of 
comfort. 

In  some  localities  the  availability  of  clean  water  is 
restricted,  another  limitation  to  the  usefulness  of  evap- 
orative coolers.  Nonpotable  ground-  and  rainwater  may 
be  used  if  a filtration  system  is  included  to  remove  un- 
wanted chemicals  and  foreign  matter  which  otherwise 
would  clog  and  corrode  the  system.  Also,  the  noise  level 
of  the  fan  may  be  objectionable,  especially  in  room 
units  where  in  many  cases  the  fan  turns  at  a high  speed. 
This  noise  problem  can  be  overcome  by  using  a larger 
fan  operating  at  a lower  speed  or  by  using  a central  sys- 
tem located  away  from  habitable  rooms. 

The  cooled,  moist  air  must  be  exhausted  from  the  in- 
terior fairly  quickly  to  prevent  the  relative  humidity 

Table  6 

Temperature  Reduction  by  Evaporative  Cooling* 


Dry -bulb  Relative  Humidity 


Temperature 

10% 

20% 

30% 

40% 

100'  1 

23"l 

19° 

15° 

13° 

95°  I- 

20" 

18° 

14° 

12 

90"! 

19 

16" 

15" 

II 

*J  Playnter,  ‘'E  vaporative  l noting  the  Principles  Involved  and 
Their  Application  to  Ruilding  in  Western  New  South  Wales." 
Architectural  Science  Review.  Vol  7,  No.  3 (1964),  p 110. 
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from  building  up.  Consequently,  part  of  the  cooling 
potential  is  lost  since  the  air  exhausted  is  still  fairly 
cool.  To  solve  this  problem  a more  efficient  adaptation 
(known  as  regenerative  evaporative  cooling)  has  been 
developed  to  capture  the  cooling  capacity  of  the  used 
air  by  the  use  of  a rotary  heat  exchanger5'  (see  Figure 
68).  This  system  does  require  more  mechanical  equip- 
ment and  has  a highet  initial  cost,  but  savings  over  the 
simpler  evaporative  cooler  should  be  realized  over  the 
life  of  the  unit. 

Air  Conditioning 

In  general,  the  considerations  listed  in  Chapter  3 for 
air  conditioners  in  tropical  applications  hold  for  desert 
areas  also.  The  use  of  a vapor  barrier  is  not  as  critical 
since  the  outside  air  is  normally  low  in  humidity,  but 
in  areas  where  seasonal  humidity  levels  can  become 
high  a vapor  barrier  should  be  used. 

High  humidity  levels  should  not  normally  occur  in 
the  building  interior  as  long  as  refrigeration  air  condi- 
tioners are  used  (assuming  that  they  are  sized  correctly) 
because  they  act  as  dehumidifiers.  In  fact,  humidifica- 
tion may  be  required  in  locations  where  the  ambient 
relative  humidity  levels  are  extremely  low  (10  to  25'T) 
because  even  when  the  air  is  cooled  to  between  70  and 
75°F  (21  to  24°C)  the  relative  humidity  may  only  be 
front  25  to  40(7  depending  on  the  outside  air  tempera- 
ture. /n  these  locations,  evaporative  coolers  should  be 
used  instead. 

The  discussion  of  room  units  in  Chapter  3 applies  to 
desert  applications  except  that  corrosion  protection  is 
not  a big  problem.  Fan -coil  units  are  acceptable  because 
control  of  humidity  is  not  critical.  However,  both  of 
these  types  of  room  units  will  require  an  extensive  fil- 
tration system  to  keep  dust  and  sand  out;  otherwise, 
the  units  will  be  very  prone  to  maintenance  problems. 

Central  refrigeration  air  conditioning  systems  are 
preferrable  in  arid  regions  because  much  less  mainte- 
nance of  equipment  and  the  building  in  general  should 
be  required  if  a good  filtration  system  is  employed. 

Heating 

Heating  should  not  be  required  for  facilities  in  arid 
1 -cions  if  the  building  materials  selected  have  good 

• ' luge  capacities.  Instead  of  ventilating  the  build- 
"•  at  night,  the  building  should  remain  closed 
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to  keep  the  heal  in.  If  this  passive  solai  heat  storage 
technique  is  not  feasible  or  adequate,  conventional 
heating  systems  can  be  employed,  as  explained  in 
Chapter  3. 

Summary  Recommendations 

1.  Nighttime  forced  ventilation  should  be  used  to 
remove  the  heal  from  the  building. 

2.  Filtration  systems  are  required  to  prevent  dust 
penetration  and  accumulation  in  the  mechanical  equip- 
ment. The  filtration  elements  must  be  cleaned  or  re- 
placed periodically. 

3.  Evaporative  coolers  should  be  considered  when- 
ever air  conditioning  is  necessary  and  the  ambient  rela- 
tive humidity  is  below  40'  ’ The  availability  of  dean 
water  and  the  variability  of  the  ambient  humidity  are 
determinants  in  die  acceptibility  of  an  evaporative 
cooling  system. 

4.  Because  of  filtration  requirements,  centralized 
systems  are  recommended  over  individual  room  units. 

Plumbing 

Plumbing  installation  in  desert  areas  entails  no  special 
provisions  beyond  those  practiced  in  temperate  regions. 
Nevertheless,  it  must  be  cautioned  that  water  pipes 
should  not  be  exposed  to  the  weather  without  proper 
insulation  since  the  temperature  in  desert  regions  may 
drop  below  freezing  during  cold  nights.  The  high  alkali 
content  of  the  water  normally  found  in  desert  regions 
causes  corrosion  problems  in  water  distribution  system' 
and  air  cooling  units  (Figure  69).  Cast  iron  water  pipes 
must  have  proper  linings  to  prevent  corrosion.  To  re- 
duce corrosion  in  the  air-cooling  units,  water  must  be 
pretreated  to  remove  undesirable  minerals.  One  other 
consideration  which  could  be  important  in  locations 
where  there  are  expansive  soils  would  be  to  lay  the 
piping  in  properly  bedded  trenches  to  prevent  local 
rupture  due  to  soil  movement. 

Paints  and  Coatings 

General 

In  a desert  climate  it  is  especially  important  to  insure 
that  the  entire  coating  system  is  compatible  through 
each  layer  from  the  substrate  to  the  surface.  Any  in- 
compatibility will  reduce  adhesion  and  accelerate  de- 
terioration. Proper  preparation  of  the  substrate  is  also 
critical  to  die  success  of  the  coating  system.  The  surface 
preparation  techniques  given  in  TM  5-618  for  various 
substrates  should  be  followed. 
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Figure  68.  Rotary  heat  exchanger 


Figure  69.  Corrosion  of  air-conditioning  units 


The  hot  climate  also  affects  paints  during  storage 
because  settling  and  thickening  of  water-thinned  paints 
are  accelerated  by  high  temperatures.  TM  5-618  should 
also  be  consulted  for  information  on  storage  considera- 
tions. 

Certain  coastal  desert  areas  may  be  subject  to  periodic 
high  ambient  humidity  levels  which  are  favorable  to 
mold  growth.  Also,  since  many  building  interiors  are 
air  conditioned,  there  is  a possibility  that  mold  and 
mildew  will  develop  inside  if  the  system  is  not  properly 
designed.  Refer  to  Chapter  3 for  recommendations 
concerning  fungicide  applications. 

Interior  Coating  Systems 

Interior  painting  should  not  require  any  special  con- 
siderations or  application  techniques. 

The  prevention  of  dust  infiltration  and  the  presence 
of  high  room  temperatures  are  constraints  which  paint- 
ers normally  face  and  offer  no  serious  problems. 
Spaces  should  be  conditioned  if  possible  to  provide 
temperature  and  humidity  conditions  which  will  allow 
the  paint  to  set  up  properly.  Recommended  interior 
paint  systems  based  on  past  experience  are  listed  in 
Appendix  E,  Table  E2.  Refer  to  Corps  of  Engineer 
Manual  CE-250  for  further  explanation  of  recommended 
paint  systems. 

Exterior  Coating  Systems 

Exterior  coatings  applied  in  hot  dry  climates  are 
usually  exposed  to  an  atmosphere  which  is  destructive 
in  three  ways.  The  intense  sunlight  and  high  daytime 
temperatures  cause  physical,  chemical,  and  photo- 
chemical deterioration  of  the  paint  film  surface.  Paint- 
ing in  direct  sunlight  should  be  avoided  because  the 
paint  will  dry  too  quickly  and  set  prematurely.  Some 
paint  manufacturers  recommend  the  addition  of  a dry- 
ing retarder  to  reduce  this  problem.52  In  any  case,  only 
small  areas  should  be  painted  at  a time  in  hot  weather. 
Metal  surfaces  should  not  be  painted  in  sunlight  because 
they  become  extremely  hot.  and  painting  will  result  in 
flash -off  and  uneven  flow  and  coverage.  Oil-based  stains 
should  not  be  applied  when  temperatures  exceed  00°F 
(32°C)  or  in  direct  sunlight. 

Cementitious  paint  (TT-P-35)  is  a'so  strongly  affected 
by  high  temperatures  or  low  humidities.  It  should  not 


52NAHB  Research  foundation.  Inc.,  All  Weather  Home 
Building  Manual  (U  S,  Government  Printing  Office,  1975). 
p 107. 


be  applied  where  the  ambient  temperature  is  above  85°F 
(30°C)  or  where  the  relative  humidity  is  below  40rr.s2 

The  variation  between  day  and  night  temperatures 
causes  large  expansion  and  contraction  forces  to  build 
between  the  coating  and  the  substrate.  This  action 
typically  results  in  checking,  cracking,  faking,  and 
peeling.  This  problem  is  most  prevalent  where  paint  is 
applied  over  wood  substrates  because  of  most  wood's 
water  absorption  and  thermal  expansion  properties. 
Wood  in  desert  areas,  as  Figure  70  shows,  should  not  be 
painted,  because  of  its  poor  paint-holding  qualities. 

Rapid  temperature  drops  overnight  may  cause  a 
heavy  dew  or  even  frost  to  accumulate  on  the  paint 
film.  This  moisture  can  retard  the  drying  of  newly  paint- 
ed surfaces  and  cause  flatting  of  cuied  paint  films.  To 
insure  proper  application,  the  temperature  of  the  sub- 
strate surface  and  of  the  ambient  air  must  both  be  above 
50° F ( I0°C)  for  water-thinned  coatings  and  45°F  (7°C) 
for  all  other  coatings.54 

Desert  winds  cause  deterioration  of  an  external  coat- 
ing system  in  two  ways.  At  high  temperatures  a breeze 
will  cause  rapid  evaporation  of  the  thinner,  resulting  in 
difficult  application.  In  addition,  rapid  setting  of  the 
paint  film  often  takes  place  and  causes  the  formation 
of  a skin  which  prevents  proper  drying.  The  common 
result  is  a coating  with  impaired  durability,  leading  to  a 
need  for  recoating.  Wind  also  carries  sand  and  dust 
which  accumulate  and  destroy  the  finish  on  newly 
painted  surfaces  or  abrade  cured  painted  surfaces. 

For  the  above  reasons,  exterior  painting  should  be 
held  to  a minimum.  Whenever  possible,  prefinished 
cladding  materials  or  exposed  precolored  concrete  and 
masonry  should  be  used  to  enclose  the  building. 

For  reference,  a list  of  paint  systems  for  a recently 
constructed  facility  at  the  Yuma  Proving  Grounds  is 
included  as  Table  E2  of  Appendix  E.  Table  E2  is  an  ab- 
breviated list  taken  from  CE-250.  The  latter  document 
should  be  consulted  if  further  information  is  needed 

Summary  Recommendations 

1.  TM  5-618  should  be  used  as  a reference  fot  gen- 
eral painting  procedures,  including  storage  of  materials 
and  surface  preparation. 

5,0i tide  Specification  for  Military  and  Coil  Works  Con 
stmetion  Painting.  General.  CE  250  (Department  of  the 
Army.  1968).  p 12. 

54 Guide  Specification,  p 22. 
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Figure  70.  Deteriorated  paint 


2.  Where  high  humidities  or  moisture  problems  arc 
encountered,  a fungicide  must  be  incorporated  into  the 
paint.  See  the  paints  and  coatings  section  of  Chapter  3 
for  details. 


7.  Ne\vly_painted  surfaces  may  require  protection 
from  the  wind  to  prevent  premature  drying.  Protection 
is  also  needed  to  prevent  finish  damage  by  dirt  accumu 
lation  or  abrasion. 


3.  Recommended  interior  and  exterior  paint  systems 
are  given  in  Appendix  b.  Table  E2. 


8.  The  use  of  prefinished  cladding  materials  or  pre- 
colored masonry  is  recommended  whenever  possible  to 
minimize  exterior  painting. 


4.  Building  surfaces  should  not  be  painted  in  direct 
sunlight,  as  the  paint  will  dry  prematurely  and  not  cure 
properly. 


UTILITY  OF  VARIOUS  CONSTRUCTION 
MATERIALS  IN  TROPIC  AND  DESERT 


5.  Metal  surfaces  should  not  be  painted  when  they 
are  extremely  hot.  Oil-based  stains  should  not  he  ap- 
plied when  temperatures  exceed  40° F (32°C)  or  in  di- 
rect sunlight.  Cementitious  paint  should  not  be  applied 
hen  temperatures  are  above  85°F  (30°C)  or  the  rela- 
tive humidity  is  below  40 r,r. 


Structural  Steel 

Materials 

For  locations  subject  to  severe  atmospheric  corrosion 
the  use  of  high-strength,  low-alloy  structural  steel  such 
as  ASTM  A2.42  and  A441  or  high-strength  steel  such  as 
ASTM  A440  may  be  advantageous.  The  atmospheric 
corrosion  resistance  of  both  A440  and  A441  is  approx- 


> flic  rapid  temperature  drops  which  commonly 
occut  in  desert  areas  can  retard  the  drying  of  newly 
painted  surfaces.  When  large  temperature  drops  are  an- 
ticipated, adequate  protection  should  be  provided. 
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imately  twice  that  of  structural  carbon  steel.  A242 
steel  has  enhanced  atmospheric  corrosion  resistance  at 
least  twice  that  of  structural  carbon  steel.  Certain  steels 
in  the  A242  group  have  corrosion  resistance  up  to  six 
times  that  of  structural  carbon  steel.  The  designer 
should  specify  the  type  of  high-corrosion-resistance 
steel  required.  Although  such  steels  have  a higher  initial 
cost,  this  difference  may  be  offset  by  the  savings  in 
maintenance  during  the  life  of  structures.  Nevertheless, 
the  standard  A36  structural  steel  is  generally  more 
economical  than  high  -strength  steel  and  does  perform 
satisfactorily  if  i»  can  be  we  1 protected  or  is  covered 
with  a proper  coating  system. 

Weathering  steel  (A242  and  A588),  designated  by 
trade  names  such  as  Corten  or  Mayari.  should  be  used 
selectively  in  tropical  environments.  This  type  of  steel 
relies  on  exposure  to  the  atmosphere  for  formation  of 
protective  oxide  layers  and  needs  several  distinct  dry 
and  wet  cycles  to  develop  these  protective  layers.  Un- 
coated weathering  steel  should  not  be  used  in  locations 
where  it  will  be  exposed  to  concentrated  industrial 
fumes,  in  marine  locations  where  salt  can  be  deposited 
on  the  steel  by  either  spray  or  fog.  or  where  the  steel  is 
either  buried  in  soil  or  submerged  in  water. 

Construction 

Structures  should  be  designed  to  eliminate  or  mini- 
mize concealed  or  inaccessible  surfaces  subject  to  cor- 
rosion. Surfaces  of  the  structural  steel  used  should  be 
cleaned  and  shop-primed  using  red  lead  or  zinc  chromate 
prior  to  shipment-.  Sandblasting  at  the  shop  is  not  war- 
ranted since  shop  priming  alone  is  not  adequate  to  pre- 
vent corrosion  during  the  time  required  for  shipment 
and  erection.  However,  sandblasting  in  the  field  is 
needed  in  almost  all  cases  before  the  application  of  a 
coating  system.  A service -proved  finish  coating  system 
that  meets  appropriate  specifications  should  be  applied 
as  soon  as  possible  after  the  surface  is  properly  prepared. 

Steel  columns  embedded  in  concrete  should  be  coat- 
ed with  coal-tar  enamel,  covering  the  embedded  section 
to  a point  6 in . ( 1 5 cm)  above  the  concrete  surface. 

Steel  piling  driven  in  harbor  areas  for  permanent 
construction  should  be  encased  in  concrete  from  2 ft 
(61  cm)  below  the  mean  lower  low  water  line  and 
above.  Steel  sheet  piling  should  be  capped  to  retard 
corrosion  at  the  upper  ends.  Without  capping,  the  top 
becomes  sawtoothed  in  6 to  10  years.  Steel  corrodes 
seriously  above  the  mean  lower  low  water  line.  A coal- 
tar  epoxy  coating  will  protect  the  piling  for  about  3 
years. 


Concrete 

General 

Hot  weather  introduces  problems  in  manufacturing, 
placing,  and  curing  purtland  cement  concrete, adversely 
affecting  the  properties  and  serviceability  of  the  hard- 
ened concrete.  In  the  absence  of  special  precautions, 
hot  weather  may  produce  problems  such  as  an  increased 
water  demand  for  the  required  consistency,  difficulty 
in  controlling  entrained  air.  rapid  evaporation  of  the 
mixing  water,  or  rapid  slump  lot.  Recommended  prac- 
tices to  alleviate  problems  caused  by  hot  weather  can 
be  found  in  “Recommended  Practice  for  Hot  Weather 
Concreting”  published  by  ACI  committee  305-72. 
Several  additional  preventive  measures  that  are  necessary 
and  peculiar  to  certain  areas  in  desert  and  tropic  regions 
are  given  in  the  subsequent  sections. 

Materials 

Cement.  Portland  cement  should  conform  to  speci- 
fication ASTM  C150-76A  and  should  be  of  the  follow- 
ing types  for  the  designated  uses,  if  available: 

Type  I — General-purpose  cement  suitable  for  nor- 
mal use  in  concrete  and  cement  plaster. 

Type  II  Modified  Portland  cement  with  lower 
heat  of  hydration  than  Type  1.  Suitable 
for  waterfront  structures  in  contact  with 
sea  water. 

Type  III  High-early  -strength  cement;  should  be 
used  in  waterfront  structures  only  if  tri- 
calcium aluminate  is  limited  to  8rf . 

Type  IV  Low-heat  portland  cement  suitable  for 
use  where  the  amount  and  rate  of  heat 
generated  must  be  kept  to  a minimum. 

Type  V Sulfate-resistant  cement  suitable  for  sub- 
surface harbor  structures  and  structures 
exposed  to  concentrated  sewage. 

In  some  construction  localities  the  use  of  foreign 
manufactured  cement  may  be  necessary.  Although 
many  foreign  brands  have  previously  been  found  satis- 
factory. they  should  be  tested  before  use  to  determine 
compliance  with  specification  ASTM  C150-76a. 

Note  that  high-alumina  cement  fhigh-earlv-strength 
cement)  should  not  be  used  if  chlorides  are  present  in 
the  mix,  since  they  will  interfere  with  the  setting.  The 
hydration  reactions  of  high-alumina  cement  produce 
considerable  amounts  of  heat.  This  heat  can  be  very 
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difficult  to  dissipate  even  in  cool  climates  with  an  ample 
supply  of  cold  water.  Hence,  in  warm  climates,  unless 
special  cooling  measures  are  taken,  a loss  in  strength  of 
the  concrete  will  result.  In  addition,  a loss  of  strength 
and  of  chemical  resistance  of  the  set  concrete  can  occur 
whenever  the  temperature  reaches  about  97°F  (30°C) 
in  the  presence  of  moisture.  Therefore,  the  use  of  high- 
alumina  cement  is  not  recommended  in  hot  climates 
except,  perhaps,  for  temporary  repair  work. 

When  concrete  is  to  be  placed  in  the  ground  or  near 
the  ground  where  it  is  vulnerable  to  sulfate  attack,  the 
use  of  a sulfate-resisting  Portland  cement  (Type  V)  is 
advised . 

Aggregate.  Aggregates  should  consist  of  clean,  hard, 
strong  durable  particles  free  of  chemicals  and  of  a coat- 
ing of  clay  or  other  fine  material  that  may  weaken  the 
bond  with  the  cement  paste.  Weak, friable, or  laminated 
aggregate  particles  are  undesirable.  Shale,  stones  lami- 
nated with  shale,  and  cherts  should  be  avoided.  Visual 
inspection  will  often  disclose  weakness  in  course  ag- 
gregate; if  doubt  exists,  however,  the  aggregate  should 
be  tested. 

Based  on  past  experiences  and  investigation,  coral 
has  been  used  successfully  in  vertical  construction  as  an 
aggregate  for  concrete  in  tropical  islands.55  If  coral  or 
similar  materials  are  to  be  used  as  aggregates,  they  must 
be  obtained  from  sources  that  provide  the  maximum 
hardness  and  specific  gravity ; the  specific  gravity  should 
be  above  2.5  if  possible.  Highly  porous  aggregates 
should  be  avoided.  On  coral  atolls  the  most  suitable  ma- 
terial is  usually  found  on  the  windward  rim  of  the  atoll 
near  natural  channels  through  the  reef.  The  poorest 
material  is  usually  found  in  the  lagoon  and  on  the  lee- 
ward side.  On  larger  islands,  such  as  Guam,  good  aggre- 
gate material,  such  as  compact  coralline  limestone,  can 
usually  be  obtained  from  pits  rather  than  by  dredging. 
Aggregates  should  be  processed  and  stockpiled  as  far  in 
advance  of  use  as  possible  to  permit  the  rain  to  wash 
out  the  salt,  particularly  if  the  aggregate  has  been  in 
recent  contact  with  seawater.  Ifnecessary,  the  aggregate 
should  be  washed  clean  of  dust  and  impurities,  proper- 
ly graded,  and  stockpiled  to  prevent  contamination  and 
to  permit  an  accurate  determination  of  moisture  con- 
tent at  the  time  of  mixing. 


55  P Howdyshell,  The  Use  of  Coral  as  an  Aggregate  for 
Portland  Cement  Concrete  Structures.  Technical  Report  M-88/ 
AL)#784092  (Construction  Fngineering  Research  Laboratory, 
June  1 974) 


Fine  Aggregate.  The  fine  aggregate  used  should  con- 
form to  the  requirements  of  ASTM  C-33.  For  coral  ag- 
gregate concrete,  the  fine  aggregate  used  should  be 
manufactured  from  corraline  limestone  and  obtained 
from  approved  sources.  Gradation  requirements  are  as 
given  in  Table  7. 56 

Coarse  Aggregate.  The  coarse  aggregate  used  should 
also  conform  to  the  requirements  of  ASTM  C-33.  Coral 
aggregate  should  be  manufactured  from  coralline  lime- 
stone obtained  from  approved  sources  and  should  be 
washed  after  crushing  to  assure  proper  bonding  between 
the  cement  paste  and  the  aggregate  particles.  The  pro- 
cessed aggregate  should  be  handled  and  stockpiled  in  a 
manner  which  will  produce  minimum  segregation. 
Stockpiles  should  be  built  up  in  layers  of  uniform  thick- 
ness and  preferably  should  not  exceed  a total  height  of 
6 ft  (1 .8  m)  to  reduce  segregation.  Rocks  that  contain 
soluble  salt  should  not  be  used  as  aggregates  for  con- 
crete mixes  since  they  will  increase  the  risk  that  the  re- 
inforcement material  will  corrode. 

Mixing  Water.  No  salt -laden  coral  sea  water  or  brack- 
ish mix  water  should  be  used  in  the  production  of  coral 
concrete  in  which  reinforcing  steel  or  conduit  is  to  be 
embedded  since  rapid  corrosion  of  the  embedded  ma- 
terials is  likely  to  occur. 

Admixtures.  Admixtures  meeting  ASTM  C404-71 
may  be  used.  Type  B.  retarding,  and  Type  D.  water- 
reducing  and  retarding  admixtures,  have  been  found 
beneficial  in  offsetting  some  of  the  undesirable  charac- 
teristics of  concrete  placed  during  periods  of  high  am- 
bient temperatures. 

Construction 

Proportioning.  While  proportioning  by  weight  is  de- 
sired, lack  of  equipment  and  extreme  variability  in  the 


Table  7 

Aggregate  Gradation  Requirements 


Percent  by  Weight 

Sieve  Size 

Passing 

3/8" 

*4 

95-100 

*8 

75-95 

*16 

55-85 

*30 

30-60 

*50 

12-30 

*100 

5-10 
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specific  gravity  and  moisture  content  of  aggregates  in 
some  areas  make  proportioning  by  volume  necessary. 
Tests  must  be  conducted  to  make  sure  that  the  proposed 
mix  design  will  attain  the  desired  workability  and 
strength  before  commencing  any  actual  construction 
work. 

Mixing.  Increased  mixing  time  may  be  required  if 
coral  sand  is  used.  The  minimum  time  required  to  ob- 
tain uniformity  throughout  each  batch  must  be  de- 
termined for  the  mix  and  the  mixer  used.  Nevertheless, 
mixing  time  should  be  held  to  the  minimum  to  assure 
adequate  concrete  quality  and  uniformity  because  the 
temperature  of  the  concrete  is  raised  from  the  work  of 
mixing,  from  the  air,  and  from  the  sun.  To  reduce  the 
effect  of  the  hot  sunlight  on  mixer  surfaces,  the  mixer 
drums  should  be  painted  white  and  sprayed  with  cool 
water  occasionally.  Mixer  drums  and  blades  should  be 
checked  and  washed  frequently. 

Delivery.  The  period  between  mixing,  delivering, 
and  placing  the  concrete  should  be  kept  to  an  absolute 
minimum. 

Retempering.  No  water  should  be  added  other  than 
that  required  to  adjust  the  mixture  to  the  specified 
slump  within  the  limits  of  the  specified  maximum  water- 
cement  ratio. 

Macing.  In  desert  regions, high  concrete  temperature, 
high  air  temperature,  high  winds,  and  low  humidity  or 
any  combinations  of  these  can  cause  rapid  evaporation 
and  promote  plastic  shrinkage.  Precautions  are  to  damp- 
en the  subgrade  and  framework,  to  place  the  concrete 
at  the  lowest  possible  temperature,  to  erect  efficient 
wind  breaks  and  sunshades,  and  to  promote  early  and 
efficient  curing. 

Curing.  In  hot  weather  water  curing  is  much  pre- 
ferred to  the  use  of  curing  compounds.  However,  it  is 
recognized  that  prompt  application  of  a white-pigment- 
ed liquid  membrane-forming  curing  compound  (ASTM 
C309-58)  is  more  practical  for  curing  vast  areas  of  flat- 
work  such  as  pavement  and  floor  slabs.  If  water  curing 
is  used,  the  surface  must  be  kept  wet  continually  by 
covering  all  exposed  surfaces  (vertical,  horizontal,  and 
otherwise)  with  a water-saturated  material  such  as  bur- 
lap, or  cotton  mats.  Alternate  cycles  of  wetting  and 
drying  promote  the  development  of  pattern  cracking 
and  should  be  avoided. 

Concrete  Cover  Over  Reinforcing  Steel.  When  coral 
is  used  as  an  aggregate  for  concrete,  the  minimum  con- 


crete cover  over  the  reinforcing  steel  should  be  2‘ 6.  to 
3 in.  (5.0  to  7.6  cm)  of  high-quality , low-permeability 
concrete. 

Rainforcing  Staai 

The  corrosion  of  steel  in  concrete  is  a problem  in 
tropical  and  marine  environments,  particularly  wheie 
there  is  exposure  to  salt  spray  and  to  alternate  wetting 
and  drying.  In  the  tropics,  the  unusually  high  humidity 
and  extremely  heavy  rains,  often  accompanied  by  high 
winds,  result  in  moisture  penetrating  the  concrete  and 
corroding  the  embedded  steel.  In  a marine  environment, 
every  measure  should  be  taken  to  ensure  that  loose  salt 
and  rust  particles  are  removed  from  the  steel  before 
placing  the  concrete. 

A sufficiently  thick  concrete  cover  over  the  main  re- 
inforcing steel  is  needed  for  protection  from  corrosive 
environments  and  for  resistance  to  the  expanding 
force  of  the  corrosion  product.  The  minimum  concrete 
cover  over  reinforcing  bars  should  be  provided  in  ac- 
cordance with  AC1  specifications  (ACI  318-71).  It  is 
further  recommended  that  the  cover  thickness  not  be 
less  than  twice  the  diameter  of  the  largest  aggregate 
used.  Chairs  and  spacers  should  be  made  of  a noncor- 
rosive material  such  as  plastic.  For  piles  and  similar 
w'aterfront  structures  extending  below  the  water  line, 
the  minimum  cover  on  main  steel  members  should  be 
3 in.  (7.6  cm). 

Galvanized  rebars  have  been  found  to  stand  up  well 
in  building  use  along  the  coastal  region  where  high  hu- 
midity and  salt-laden  air  is  found.  It  should  be  noted, 
however,  that  the  mixing  of  galvanized  rebars  and  un- 
coated rebars  should  be  avoided  to  prevent  galvanic  ac- 
tion. 

Wood 

Material 

Unless  treated,  wood  performs  very  poorly  in  the 
tropics  because  of  attacks  by  termites  and  fungi.  Even 
with  treatment,  wood  is  still  susceptible  to  attack  since 
the  treatment  wears  off  after  a certain  period.  Therefore, 
wood  is  not  a good  construction  material  for  permanent 
facilities.  If  wood  is  required.it  should  be  treated  with 
preservatives.  Two  different  types  of  treatment  are 
available  pressure  and  nonpressure  treatments.  Pressure 
treatment  is  much  more  effective  since  it  provides 
deeper  penetration  and  longer  retention  of  the  preserv- 
ative. Appendix  B lists  the  commonly  used  preservatives 
and  their  properties  along  with  recommended  preserva- 
tive treatments.  Wood  pressure  treated  with  creosote  is 


not  paintable,  exudes  oil  when  heated,  and  is  dirty: 
hence,  it  is  not  suitable  for  interior  use.  However,  this 
treatment  method  is  the  most  durable  and  offers  pro- 
tection against  decay,  weathering,  and  moisture  pene- 
tration. If  paintability  is  required,  the  water  soluble 
preservatives  listed  in  Appendix  B can  be  used  for 
treatment  in  accordance  with  minimum  standards  es- 
tablished by  American  Wood  Preservers  Institute 
(AW'Pl). 

The  use  of  native  wood  species  is  highly  recom- 
mended where  available  because  of  the  cost  advantage 
and  the  greater  resistance  that  local  species  often  have 
to  attack  by  pests  and  mold.  A short  list  of  commonly 
used  tropical  timber  varieties  is  offered  in  Appendix  C. 

Particle  board  should  be  avoided  for  construction  in 
tropic  regions  because  of  its  moisture  absorbing  prop- 
erty. If  particle  board  is  specified,  such  as  for  cabinet 
doors  and  drawers.it  must  be  completely  sealed,  paint- 
ed, and  finished  before  shipment  to  the  site. 

In  desert  regions,  the  primary  problem  with  wood  is 
warping,  twisting,  checking,  and  splitting  due  to  low 
humidity  and  direct  solar  heat.  To  reduce  the  loss  of 
lumber  due  to  warpage.  kiln-dried  lumber  must  be 
specified.  As  in  tropic  regions  certain  desert  areas  are 
also  infested  with  termites,  and  pressure-treated  wood 
will  be  required. 

Construction 

When  designing  structures  using  wood,  the  following 
practice  should  be  followed:  (1)  wood  should  be  kept 
from  contact  with  the  ground,  and  the  lowest  floor 
woods  should  be  at  least  18  in.  (46  cm)  above  the 
ground  on  posts  orpiers;(2)adequate  ventilation  should 
be  provided  for  wood  members;  (3)  wide  eaves  should 
be  provided  to  keep  water  away  from  the  sides  of 
buildings.  Structures  should  be  designed  and  construct- 
ed for  rapid  drying  so  as  to  avoid  decay  in  joints.  Un- 
seasoned wood  should  not  be  placed  in  enclosed  spaces, 
surrounded  with  concrete,  painted,  or  otherwise  pre- 
vented from  drying  quickly. 

To  reduce  wood  stud  loss  caused  by  warpage  in  des- 
ert regions,  it  is  recommended  that  the  studs  be  used 
as  soon  as  the  bands  around  the  stud  package  are  broken. 
The  frame  must  then  be  wrapped  immediately  with 
paper-backed,  wire-mesh  stucco  backing  or  some  other 
material  to  shield  it  from  the  sun’s  direct  rays.  Another 
problem  with  using  wood  framing  in  a desert  region  is 
sand  and  dust  seepage.  To  minimize  this  problem,  all 
joints  must  be  caulked,  and  weather  stripping  must  be 
used. 


Aluminum 

Materials 

Aluminum  alloys,  in  general,  last  well  in  both  tropi- 
cal and  desert  climates.  They  provide  high  reflectivity 
to  solar  radiation  and  are  little  affected  by  aging.  In  ad- 
dition, they  are  light  and  transportable.  Nevertheless,  it 
should  be  pointed  out  that  not  all  aluminum  alloys  per- 
form equally  well  under  different  tropical  environments. 
Aluminum  alloys  with  certain  types  of  surface  treat- 
ment perform  significantly  better  than  those  without 
any  surface  treatment. 

Based  on  the  results  of  an  atmospheric  exposure  test 
conducted  in  the  Panama  Canal  Zone.57  aluminum 
alloy  (2024-T3)  was  found  to  have  the  highest  corrosion 
rates  in  the  marine  environment.  In  some  instances, 
catastrophic  exfoliation  corrosion  of  aluminum  result- 
ed. Rain-forest  exposure  generally  produced  less  corro- 
sion than  occurred  in  the  open  field.  It  was  found, 
however,  that  the  corrosion  of  aluminum  buried  in  the 
rain  forest  soil  was  more  rapid  than  in  any  of  the  at- 
mospheric exposures. 

Chromate  film  on  aluminum  was  found  to  be  very 
effective  in  providing  protection  for  aluminum  in  tropic 
marine,  open-field,  and  rain-forest  environments.  Water- 
and  dichromate-sealed  anodized  aluminum  were  also 
found  to  perform  satisfactorily  under  tropical  regions 
except  in  a marine  environment;  a water-sealed  alumi- 
num specimen  corroded  slightly  after  two  years  of 
exposure  to  a marine  environment. 

Construction 

Precautions  must  be  taken  to  prevent  interaction 
between  aluminum  and  other  building  materials.  Fit- 
tings for  aluminum  components  should  ideally  always 
be  made  of  aluminum  or  an  aluminum  alloy  to  avoid 
galvanic  corrosion.  The  nonmagnetic  stainless  steels  are 
generally  compatible  with  aluminum,  but  the  contact 
may  not  be  desirable  in  marine  or  severe  industrial  en- 
vironments. Direct  contact  between  aluminum  and 
steel  should  be  avoided.  Insulating  washers  may  be 
used  to  isolate  the  metals.  The  most  hazardous  form  of 
bimetallic  corrosion  of  aluminum  occurs  as  a result  of 
interaction  with  copper.  The  runoff  from  copper  roofs 
or  water  discharged  through  copper  pipes  should  not 
be  allowed  to  wash  over  or  splash  against  aluminum. 
The  contact  between  aluminum  and  most  of  the  con- 
cretes. mortars,  and  plasters  is  generally  satisfactory. 

57l;.  Pearlstein  and  L.  Teitell,  Corrosion  of  Aluminum  in 
tlic  Tropics,  Report  FA-A67-28/AD6845  20  (Department  of 
the  Army,  1967). 
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Nevertheless,  for  more  satisfactory  service  it  is  recom- 
mended that  the  contact  surface  of  the  aluminum  be 
coated  with  a synthetic  or  rubber-base  sealant  meeting 
specification  TT-S-230  or  TT-S-00227  and  that  the 
masonry  or  concrete  surface  be  protected  with  roofing 
felt. 

The  design  should  also  effectively  eliminate  the  risk 
of  condensation  occurring  under  aluminum  roofing  and 
behind  wall  cladding. 

Plastics 

Materials 

The  plastics  offer  many  advantages  over  other  ma- 
terials. In  general,  they  provide  good  resistance  to  water, 
corrosion,  and  weathering,  making  them  suitable  for 
such  uses  as  facades,  gutters,  pipes,  bathroom  fixtures, 
and  waterproofing.  Other  virtues  of  plastics,  such  as 
low  thermal  conductivity  and  ease  of  maintenance, 
make  them  particularly  suitable  as  building  materials  in 
the  tropics.  Nevertheless,  care  must  be  exercised  to 
make  sure  that  the  material  selected  is  the  most  suit- 
able for  a particular  application  since  the  nnge  of  avail- 
able plastics  is  very  wide  and  not  ail  materials  possess 
all  of  the  virtues. 

The  plastics  fall  into  two  major  classifications; 
thermoplastics  and  thermosetting  materials.  Thermo- 
plastics are  made  up  of  thread-like  molecules  which 
soften  when  heated  and  resolidify  upon  cooling. 
Thermosetting  resins  are  made  up  of  cross-linked 
thread-like  molecules  which  harden  when  heated. 
Thermoplastics  lack  the  heat  resistance, creep  resistance, 
and  chemical  resistance  of  the  thermosetting  types. 
Thus,  the  thermosetting  resins  are  generally  preferred 
for  structural  applications. 

The  distinction  between  thermoplastic  and  thermo- 
setting materials  was  once  clearly  defined  but  is  becom- 
ing increasingly  blurred.  Many  of  the  thermoplastics 
are  now  being  cross-linked  for  special  purposes  for  in- 
stance, in  acrylics  for  glazing,  FVC  plastisols  for  struc- 
tural adhesives,  and  polyethylenes  for  high-temperature 
pipe.  Some  of  the  resins  which  are  cross-linked  are  also 
available  in  thermoplastic  form  -for  instance,  the  phe- 
noxies  and  some  of  the  polyurethanes.  In  view  of  these 
variations,  it  is  essential  that  the  architect  or  designer 
obtain  physical  property  data  from  manufacturers  to 
characterize  the  grades  of  materials  selected  for  a given 
application. 

The  selection  of  plastics  for  interior  applications  is. 
in  general,  not  as  critical  as  for  exterior  applications. 


For  quick  reference,  the  physical  properties  of  several 
plastics  previously  used  for  exterior  applications  are 
presented  below: 

Polyvinyl  chloride  (PV(  ).  Rigid  PVC  can  be  stabilized 
to  weathering,  has  good  water,  solvent,  and  chemical  re- 
sistance. and  is  self-extinguishing.  However,  it  degrades 
in  high-temperature  service.  Translucent  grades  may  be 
sensitive  to  ultraviolet  light.  PVC  is  used  for  siding,  rain 
gutters  and  downspouts,  window  frames,  roof  lights, 
and  building  panels. 

Acrylonitrile  butadiene  styrene  (ABS).  ABS  plastic 
is  tough  and  rigid,  ft  has  a good  balance  of  heat  resist- 
ance, dimensional  stability,  chemical  resistance,  and 
electrical  properties.  ABS  is  used  for  door  and  window 
components,  drain,  waste,  and  vent  piping,  weather 
seals,  concrete  forms,  and  appliance  housings. 

Glass-fiber-reinforced  polyester  resin  (GRP).  Glass- 
fiber-reinforced  polyester  resin  offers  high  strength, 
good  electrical  properties,  and  good  water,  solvent,  and 
chemical  resistance.  Its  outdoor  weathering  is  not  out- 
standing. It  can  be  improved,  however,  by  coating  the 
surface  w'ith  polyvinyl  flouride  (PVF)  or  acrylates.  A 
study  indicates  that  panels  coated  wdth  PVF  film 
would  require  no  maintenance  for  fifteen  years.  GRP  is 
used  for  cladding,  roof  lights,  and  window  frames. 

Acrylic  sheet.  Acrylics  provide  outstanding  trans- 
parency. colorability,  and  excellent  outdoor  weathering 
characteristics.  Scratch  resistance  and  impact  resistance 
are  not  outstanding,  however.  Acrylics  are  used  in  glaz- 
ing, skylights,  cladding,  building  panels,  and  decorative 
items. 

Construction 

Some  plastics  are  susceptible  to  termite  attack. 
Therefore,  they  must  not  be  used  for  underground  con- 
struction unless  otherwise  proved  by  the  manufacturers. 
Although  weathering  action  is  not  critical,  tropical  and 
especially  hot  desert  conditions  cause  definite  deteriora- 
tion, particularly  in  thermoplastic  materials  which  may 
warp  and  crack.  Care  must  be  taken  to  select  materials 
that  possess  high  dimensional  stability  and/or  to  pro- 
vide proper  design  details  to  alleviate  or  reduce  the  ef- 
fect of  high  temperature. 

Masonry 

(Icneral 

Masonry  is  satisfactory  for  general  construction  in 
both  descri  and  tropic  regions.  Blocks  should  be  well 
vibrated  to  reduce  porosity  and.  when  possible,  auto- 


clave  cured  to  reduce  shrinkage.  TM-809-3,  Masonry 
Structural  Design  for  Buildings,  should  be  followed  for 
design . 

Upon  delivery  to  the  site,  blocks  must  be  stored  on 
planks  or  other  supports  to  protect  them  from  direct 
contact  with  soil.  Masonry  blocks  in  tropic  regions 
should  be  stored  under  canvas,  plastic  tarps,  or  water- 
proof paper  so  that  the  block  units  are  not  saturated 
with  water  when  they  are  laid.  On  the  other  hand,  ma- 
sonry blocks  in  desert  regions  may  become  too  dry  be- 
cause of  the  solar  heat  unless  they  are  wetted  down 
periodically.  Lack  of  moisture  in  the  block  and  in  the 
mortar  will  reduce  the  quality  of  the  bond.  To  minimize 
this  problem,  it  is  recommended  that  in  addition  to 
wetting  down  the  blocks  the  mortar  should  be  mixed 
only  when  needed.  Also,  a little  extra  water  should 
be  used  in  the  mortar  mix,  and  shorter  bed  joints  should 
be  used  while  laying  the  blocks. 

Embedded  Steel 

General 

Steel  embedded  in  concrete  for  such  purposes  as  ex- 
terior railings,  hand  rails,  fences,  guard  rails,  and  anchor 
bolts  should  be  galvanized.  The  entire  embedded  length 
should  be  coated  with  asphalt  to  at  least  1 in.  (2.5  cm) 
above  the  concrete  surface. 

Fasteners 

General 

Wood  Fasteners.  Plain  steel  fasteners  such  as  nails, 
bolts,  screws,  and  braces  corrode  rapidly  and  promote 
wood  decay.  In  addition,  the  rust  from  fasteners  will 
leave  unsightly  stains  on  wood  surfaces.  Therefore, 
plain  steel  fasteners  should  not  be  used  in  the  tropic 
region.  Galvanized  steel  lasts  considerably  longer  than 
plain  fasteners  but  is  subject  to  corrosion  at  points 
where  the  coating  fractures.  Cement-coated  nails  and 
tempered  aluminum  nails  have  given  good  service. 
High-nickel  stainless  steels  are  excellent  but  are  too 
costly  for  general  use. 

Metal  Fasteners.  Fasteners  for  metal  must  be  insu- 
lated if  dissimilar  metals  are  used.  When  attaching 
roofing  sheets  to  basic  structures,  welds  should  not  be 
used  because  of  the  difficulty  in  clearing,  coating,  and 
protecting  welded  areas. 

Adhesives 

General 

An  epoxy-resin  adhesive  meeting  the  requirements 
of  MIL-A-8623  can  be  used  for  structural  bonding 


metal,  plastic  laminates,  wood,  and  glass  to  each  other 
and  in  combination.  Pressure-sensitive  tape  meeting  the 
requirements  of  MIL-T-23142  can  be  used  as  a separator 
for  the  prevention  of  galvanic  attack  between  dissimilar 
metals.  Special  care  must  be  taken  in  selecting  the  right 
kind  of  adhesives  for  joining  metals  since  corrosion 
may  be  caused  by  certain  adhesives.  For  instance,  cop- 
per is  subject  to  undesirable  corrosion  when  joined 
with  a one-part  silicone  adhesive  or  with  epoxy  proc- 
essed with  curing  agents  containing  amine.  To  repair 
concrete,  an  epoxy  binder  meeting  the  requirements  of 
MMM-B-350  may  be  used. 


CONCLUSIONS  AND 
RECOMMENDATIONS 


Conclusions 

In  field  observations  and  surveys  conducted  at  mili- 
tary installations  during  this  investigation,  a consider- 
able number  of  buildings  were  found  to  be  performing 
unsatisfactorily.  Most  faults  resulted  primarily  from 
poor  planning,  improper  usage  of  materials,  or  inade- 
quate attention  to  design  and  construction  details. 
Most  of  the  problems  could  have  been  avoided  or  their 
adverse  effects  reduced  if  a set  of  criteria  or  guidelines 
had  been  available  to  the  designers.  It  is  intended  that 
the  guidelines  developed  in  this  study  should  fill  this 
need.  However,  the  guidelines  presented  here  are  by  no 
means  complete  ;conclusive  guidelines  have  not  yet  been 
developed  for  several  items  because  of  a lack  of  data.  In 
addition,  it  should  be  stressed  that  periodical  review 
and  updating  are  required  to  maintain  the  usefulness  of 
the  guidelines. 

Recommendations 

1 . It  is  recommended  that  the  guidelines  developed 
be  adopted  by  the  Army  for  use  in  designing  facilities 
in  desert  and  tropic  regions. 

2.  It  is  recommended  that  to  increase  the  usefulness 
of  the  guidelines  the  collection  and  analysis  of  data  be 
continued  in  the  following  areas: 

a.  Durability  of  pressure-treated  wood  for  long- 
term usage  (permanent  construction)  in  the  tropics 

b.  Durability  of  plastics  in  both  desert  and  tropic 
regions 


c.  Effectiveness  of  different  types  of  roof  con- 
struction in  the  tropics 

d.  Durability  of  different  root-flashing  details  in 
tropics 

e.  Effectiveness  of  insulated  lightweight  walls 
versus  heavy  walls  in  desert  climates 

f.  Effectiveness  of  the  natural  ventilation  pro- 
vided by  a pitched  roof  in  hot-dry  climates 

g.  Effects  of  dust  and  heat  on  the  durability  of 
common  building  hardware 


APPENDIX  A: 

TERMITE  CONTROL  BY  SOIL  POISONING* 


Slab-on-ground  Foundations 

Apply  4 gal.  (15.1  8)  of  chemical  per  10  linear  ft 
(3.0  m)  to  the  soil  in  critical  areas  under  the  slab,  such 
as  along  the  inside  of  foundation  walls,  along  both 
sides  of  interior  partition  foundation  walls,  and  around 
plumbing. 

Apply  I gal.  (3.8  (!)  of  chemical  per  10  ft2  (0.9  m2 ) 
as  an  overall  treatment  under  the  slab  and  attached  slab 

‘This  material  on  application  rates  was  taken  from  H.  R. 
Johnston,  Subterranean  Termites,  Their  Prevention  and  Con- 
trol in  Buildings,  Home  and  Garden  Bulletin  No.  64  ((JSDA, 
1972),  pp  22-23. 


porches  and  terraces  where  the  till  used  is  soil  or  un- 
washed gravel. 

Apply  1 gal.  (5 .7  V)  of  chemical  per  10  ft2  (0  m2 ) 
to  those  areas  where  the  lill  is  washed  gravel  or  othei 
coarse  absorbent  material,  such  as  cinders. 

Apply  4 gal.  (15.1  8)  of  chemical  per  10  linear  ft 
(3.0  m)  of  trench  along  the  outside  edge  of  the  building 
after  all  grading  is  finished. 

Perimeter  Foundation 

Apply  4 gal.  (15.1  8)  of  chemical  per  10  linear  ft 
(3.0  m)  of  trench  along  the  inside  of  foundation  walls, 
along  both  sides  of  interior  partitions,  and  around  piers 
and  plumbing.  Do  not  apply  an  overall  treatment  in 
crawl  spaces. 

Apply  4 gal.  (15.1  (!)  per  10  linear  ft  (3.0  m)  of 
trench  for  each  foot  of  depth  from  grade  to  footing 
along  the  outside  of  foundation  walls,  including  the 
part  beneath  entrance  platforms,  porches,  etc. 

Apply  4 gal.  (15.1  (!)  per  10  linear  ft  (3.0  m)  along 
the  inside  and  outside  of  foundation  walls  of  porches. 

Apply  1 gal.  (3.8  8)  per  10  ft2  (0.9  m2 ) of  soil  sur- 
face as  an  overall  treatment  under  attached  concrete 
platforms  and  porches  that  are  on  fill  or  ground. 

Voids  in  masonry  foundations:  Treat  all  voids  in 
masonry  foundations  with  at  least  2 gal.  (7.6  8)  of 
chemical  per  10  linear  ft  (3.0  m)  of  wall  at  or  near  the 
footing. 


APPENDIX  B: 

PRESSURE-TREATED  WOOD  PROPERTIES 


r 


Table  B1 

Preservatives  and  Properties  of  Pressure-Treated  Wood* 


Preservative 

Color 

Odor  of 

Treated  Wood 

Paintability  of 
Treated  Wood 

Creosote 

dark  brown  to 
black 

strong 

aromatic 

no 

Pentachlorophcnol 

almost  colorless 
to  dark  brown 
(solvent  color) 

same  as  odor 

of  solvent 

depends  of  type 
of  solvent 

Acid  Copper 

Chromate  (ACC) 

yellowish-green 

slight 

yes,  if  wood  is 
dry 

Ammoniacal  Copper 
Arsenite  (ACA) 

yellowish -green 

slight 

yes,  if  wood  is 
dry 

— Chromated  Copper 

3 Arsenate  (CCA) 

</i  (Types  A,  B and  C) 

brownish-green 

slight 

yes,  if  wood  is 
dry 

2 Chromated  Zinc 
is  Chloride  (CZC) 

brownish -green 

slight 

yes,  if  wood  is 
dry 

Fluor  Chrome 

Arsenate  Phenol 
(FCAP) 

yellowish -brown 

slight 

yes,  if  wood  is 
dry 

•From  D.  H.  Percival  and  C.  S.  Walters,  Pressure  Treated  Wood,  Circular  D73  (Small  Homes  Council- 
Building  Research  Council,  University  of  Illinois,  1975),  pp  3,  8. 


Table  B2 

Recommended  Preservative  Treatments* 


Preservatives 

■22 

0 

Om 

Use 

o 

a> 

c 

u < < 

u u u 

u 

Si 

< 

u 

AWPA 

Product 

Location 

U 

a* 

< < u 

u 

Specification 

Lumber 

above  ground 

C2 

Lumber 

in  soil  or 

concrete 

NR 

NR 

C2 

Building  poles 

soil  contact 

NR 

NR 

C23 

Sawn  posts 

soil  contact 

NR 

NR 

Cl  6 

Plywood 

soil,  concrete  or 

water  contact 

NR 

NR 

C9 

Millwork 

no  soil  contact 

NR 

Cl  6 

All  weather  wood 

soil  contact 

NR  NR  NR 

NR 

NR 

C2.C9 

foundation 

material 


1 Minimum  retention  for  both  lumber  and  plywood  is  0.60  pounds  per  cubic  foot 
NR  = not  recommended 

’These  charts  were  taken  from  D.  H.  Percival  and  C.  S.  Walters,  Pressure  Treated  Wood,  Circular  D73 
(Small  Homes  Council -Building  Research  Council,  University  of  Illinois,  1975),  pp  3,  8. 
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APPENDIX  C: 

TROPICAL  TIMBER  VARIETIES 


Tabled 

Tropical  Timber  Varieties 

Note:  The  species  listed  below  are  given  to  provide  the  reader  with  several  local  species  oj  suitable  woods 
for  construction  in  tropical  areas.  Native  North  American  species  were  left  out  because  the  purpose  was  to 
list  the  lesser  known  trees  of  South  and  Central  America.  Africa.  Asia,  and  Australia.  * 


Species  and 
other  names 

Botanical 

name 

Distribution 

Characteristics 

Uses 

Agathis 

Agathis  Alba 

South-last  1 iji 
Islands,  New 

Zealand 

large,  almost  cylindrical 
trees,  straw  coloured 
to  brownish,  easily 
worked , little 
distortion 

Interior  and 
exterior 
work , 
plywood 

Abura 

Mitragyna 

Stipulosa 

Equatorial 

West  Africa 

pale,  reddish  brown, 
moderately  soft, 
medium  strength, 
holds  nails  and 
screws  well,  acid 
resistant 

Floors, 

chemical 

laboratory 

fittings 

Afrormosia 

Afrormosia 

Elata 

Gold  C oast 
Cameroon, 

Congo 

brownish  hardwood 
with  dark  eaks, 
heavy,  hard,  strong, 
slightly  spiral 
grained,  little  dis- 
tortion. easily 
worked 

Bridge, 

harbor 

and  dock- 
building, 
external 
cladding, 
floors 

Agba 

Gosswei- 

lerodendron 

Balsamiferum 

Angola.  Gold 

Coast,  Nigeria 

Belgian  Congo 

also  called  Tola 

Branca,  yellowish 
pink  to  brow  . 
moderately  hard, 
fairly  strong, 
straight  grained, 
easily  w-orked 

Interior, 

exterior 

work, 

floors, 

facade 

cladding 

Amarant 

Poltogyne 

Paniculata 

Surinam, 

Brazil 

Trinidad 

Guay  ana 

violet  blue 
(treat  to  retain 
color),  strong, 
heavy,  hard, 
easily  worked, 
difficult  to 
nail,  almost  no 
distortion 

Claddmg, 
parquet 
and  dock 
construction 

in  water 
and  ship- 
building, 
framed 

structures 

Andira 

Andira 

Coriacea 

Guayana, 

Surinam 

Brazil 

brie’  to  dark  red 
with  paler  streaks 
and  patches,  hard, 
strong,  tough, 
spiral  grain, 
easily  worked 

Interior 

and  exterior 

work, 

furniture. 

shipbuilding. 

plywood 

*Thc  information  in  this  table  was  taken  from  G.  Uppwneier , Building  in  the  Tropics  (Verlag  Georg 0.  W .Callwey,  1969), 
pp  1 23-129. 
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Table  Cl  (cont’d) 
Tropical  Timber  Varieties 


Species  and 
other  names 

Botanical 

name 

Distribution 

Characteristics 

lises 

Alcrce 

litzroya 

Cupressoides 

Chile. 

Patagonia 

large  diam , slow 
growing,  straw 
colored  to 
brownish,  little 
distortion, 
easily  worked 

Interior 
and  exterior 
work 

! 

Azobe 

(Bongossi) 

Lophira 

Procera 

Equatorial 

W.  Africa 

Chocolate 
coloured, 
heavy,  hard, very 
strong,  coarse 
grained,  difficult 
to  work,  little 
distortion 

building, 
civil  en- 
gineering, 
construction 
in  water, 
industrial 
flooring,  bridge 
planking 

Bangkirai 

| 

Shorea 

Lacifolia 

Bornca 

pale  yellowish 
to  reddish  brown, 
heavy,  hard,  fine 
structure,  easily 
worked,  high 
resistance  to 
abrasion,  greater 
strength  than 
teak  or  oak 

construction 
in  water, 
heavy 
structural 
work,  in- 
dustrial 
flooring 

Basralocus 

j 

Dicorynia 

Parensis 

Surinam 

Guayana 

chocolate  to 
grey  brown,  heavy, 
hard,  high  strength, 
coarse  spiral  grained, 
easily  worked 

construction 
in  water, 
wooden 
paving 

1 Bilinga 

(Opepe) 

Sarcocephalus 

Equatorial 

West  Africa 

gold  to  orange, 
yellow,  fine 
spiral  grained, 
strong,  fairly 
hard,  easily  worked 

All  sorts 
of  timber 
building 
construction, 
interior  and 
exterior 

Bosse 

(Nigerian) 

Guarea 

Cedrata 

Equatorial 

West  Africa 

pale  brown, 
finely  grained, 
strong,  easily 
worked 

panelling. 

parquet 

flooring 

' Courbaril 

Ilymcnaea 

Courbaril 

Tropical 

South  America 

red  to  dark  red- 
brown,  hard, 
dense,  strong, 
fine  grained, 
easily  worked 

Interior 
and  exterior 
cladding  for 
facades, 
floors 

Dabema 

Piptadenia 

Africana 

Equatorial 

West  Africa 
& East  Africa 

grey  green  to 
yellow  brown, 
moderately  strong 
and  hard,  coarse 

door  and 
window 
construction . 
floors 

grained,  tends 
to  distort,  easily 
worked 


L 
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Table  Cl  (cont’d) 
Tropical  Timber  Varieties 


I 


» 


Species  and 
other  names 

Botanical 

name 

Distribution 

Characteristics 

Danta 

Nesogordonia 

papaverifera 

Equatorial 

West  Africa 

red  to  mahogony 
brown,  moderate 
fine  spiral 
grained,  hard, 
good  workability 

Dotissic 
( Afzelia. 

Apa) 

A IVe 

Africana 

1 quatorial 

West  Africa 

pale  brown, 
heavy,  hard, 
coarse  grained, 
easily  worked 
(similar  to  oak), 
resistant  to  weak 
acids 

1 rant  ire 
(Black 

Afara) 

Terminalia 

Ivorensis 

Equatorial 

West  Africa 

related  to  Limba, 
pale  yellow  to 
pale  brown, 
soft,  moderately 
light,  coarse 
grained 

/mbuia 

(Brazilian 

walnut) 

Phoebe 

Porosa 

Southern 

Brazil 

olive  to  chocolate 
brown,  similar  to 
walnut,  good 
for  large  units, 
hard,  heavy,  fine 
grained 

Iroko 
( Kambala) 

Chlorophora 

Excels 

Equatorial 

East  and 

West  Africa 

gold  brown, 
attractive 
graining,  very 
easily  worked, 
similar  to  oak 

Jarrah 

Eucalyptus 

Marginata 

Western 

Australia 

red  brown,  hard, 
dense,  very 
tough,  high 
resistance  to 

wear 

Kapur 
(Camphor 
wood ) 

Dryobalanops 

Aromatica 

Borneo 

Sumatra 

Moluccas 

Pale  brown  to 
pinkish  red, 
moderately  fine 
grained,  easily 
worked 

Karri 

Eucalyptus 

Diversicolor 

Australia 

pale  red.  similar 
to  Jarrah.  heavy, 
hard. tough, 
difficult  to  work 

Louro 

(Louro 

Vermclho) 

Ocotea 

Rubra 

Surinam 

Ciuayana. 

Brazil 

brown  red  to 
orange  brown, 
coarse  grained, 
moderately  dense, 
moderately  strong, 
easily  worked 

96 


Uses 

Moor. 

veneers 


Structural 

timber  lor 

housing 

panelling. 

parquet 

and  strip 

flooring 

panelling. 

floors 


panelling. 

parquet 

flooring. 

veneers 


Interior 
and  exterior 
work, 
panelling, 
floors 

specially 

for 

parquet  and 
strip  flooring 

Interior 
and  exterior 
work, 
cladding 
for  facades, 
floors 

Bridge 
building, 
construction 
in  water 

exterior 

cladding. 

wall  and 

ceiling 

panellinc, 

plywood. 

veneers 


Table  Cl  (cont’d) 
Tropical  Timber  Varieties 


Species  and 
other  names 

Botanical 

name 

Distribution 

Characteristics 

Uses 

Manharklak 
( Kokurulli) 

1 schwei- 
Icra 

Longipes 

North  cast 

South  America, 
Surinam 

grey  brown,  very 
hard,  strong, 
tough,  very  heavy, 
straight  grained, 
high  silica  content, 
cannot  be  machined 

exclusively 

sea  or 

harbor 
building, 
highly  resistant 
to  attack  of 
marine  borers 
due  to  high 
silica  content 

Mansonia 

(Nigerian 

walnut) 

Mansonia 

Altissinta 

West  Africa 

Cameron  to 

Ivory  Coast 

olive  to  violet 
brown,  similar 
to  American 
walnut 

Interior 
and  exterior 
work,  floors. 

veneers 

Matakki 

(Manil.) 

Symphonia 

globulifera 

Tropical  South 
America 

yellowish  brown, 
fairly  hard, 
moderately  heavy, 
coarse  spiral 
grained,  easily 
worked 

1 rame  con- 
structions, 
windows, 
floors 

Merbau 

dpi) 

Intsia 

Bakeri 

Indonesia 
north  west 

Guinea, 

South  East 

Asia 

variable  from 
brown  grey  to 
dark  brown, 
coarse  grained, 
hard,  easily  worked, 
similar  to  Afzelia 

building 

construction, 

industrial 

floors 

Mora 

(Peto, 

Pracuuba) 

Mora 

Excelso 

Tropical 

America 

red  brown  to  grey 
brown,  very 
strong,  very  heavy, 
very  hard,  spiral 
grain,  moderately 
easy  to  work 

structural 

timber, 

floors, 

construction 

in  water 

Niangon 

(Nyankom, 

Wismore) 

Tarrictia 

utilis 

Ivory  Coast 

pale  red  brown 
to  pinkish, 
coarse,  grained, 
spiral  grain, 
easily  worked 

windows, 

facade 

cladding, 

shuttering 

Niove 

(Kamashi, 

Sunzu, 

Wanga ) 

Standtia 

Gabonensis, 

St.  Kameru- 
nensis 

Portuguese 

West  Africa, 

Congo, 

Cameroon, 

Gabun 

red  brown  to 
yellow  brown, 
dark  streaks,  fine 
grained,  hard, 
heavy  but  brittle, 
worked  easily 

window 

frames, 

facade 

cladding. 

floors 

Padouk 

(African 

P 

Andaman  P. 
Indian  P.) 

Pterocarpus, 
Soyanxii, 
various 
species  of  P. 

Equatorial 

West  Africa, 
Andaman, 

Burma, 

Indonesia. 

Philippines 

grey  white  to 
yellow  white, 
hard  wood,  blood 
red  to  dark  brown, 
moderately  hard, 
strong,  dense,  fairly 
tough,  coarse, 
spiral  grained 

shuttering, 

exterior 

cladding. 

floors 
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Table  Cl  (cont'd) 
Tropical  Timber  Varieties 
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Species  and 
other  names 

Botanical 

name 

Distribution 

Characteristics 

Uses 

t’eroba 

dc 

Campos 

(Peroba 

Amarella) 

Paratecoma 

Peroba 

Brazil 

pink  beige  to 
yellow  red 
(similar  to  teak) 
darkening  later, 
moderately  heavy, 
dense,  tough, 
easily  worked, 
air  cracks 

for  all 
types  of 
construction, 
windows, 
doors,  floors 

Peroba  Rosa 
(Red 

Peroba, 

Palo  Rosa. 
Amarello) 

Aspidosperma 

peroba 

Brazil 

orange  to  salmon 
colored  with 
dark  streaks, 
moderately  hard 
and  heavy,  dense, 
tough,  sometimes 
spiral  grain , easily 
worked 

Interior 
and  exterior 
work,  floors 

Pitch 

Pine 

(Longieaf 

Pine . 

Slash  Pine) 

Pinus 

Palustris, 

Pinus 

Caribaea 

Central 

America. 

Southern 

U.S.A. 

Species  of  pine 
with  slight  dif- 
ferences, yellow 
white,  very  strong, 
easily  worked, 
especially  for 
heavy  structural 
work 

Interior 
and  exterior 
work,  floors, 
staircases, 
panelling, 
bridge  and 
shipbuilding 

Ramin 

(almin) 

Gonystylus 

bancanus 

Malaya, 

Borneo 

yellowish  white, 
even  grained 
(similar  to  Limba). 
good  worked  but 
crack  formation 

interior  work. 

plywood, 

doors 

Salie 

(ldncens 

rouge. 

Gommier 

dc 

Montagne) 

Tctragastris 
host-manni, 
various 
species  of  T. 

Guayana, 

Surinam, 

Central 

America 

orange,  yellow  to 
dark  brown. 

strong, 
dense,  tough, 
fine  straight 
grained, 
easily  worked 

Panelling, 

windows, 

furniture, 

parquet 

and  strip 

flooring 

Schitola 
( Red  Tola ) 

Oxystigma 

Oxyphyllum 

Equatorial 

West  Africa 

pale  red  brown, 
dark  streaks, 
straight,  spiral 
grained. 

moderately  strong, 
often  mottled, 
easily  worked 

Carpentry, 

plywood, 

veneers 

Sucupira 

(Angelim, 

Arbre  a 

Chou) 

Bowdichia 

various 

species. 

Diplotropis 
various  sp. 

Surinam, 

Guayana. 

Brazil, 

Venezuela 

dark  brown  to 
blackish,  hard, 
dense,  strong, 
spiral  grain, 
worked  easily 

Interior 

and 

exterior 

work 

9H 


I'altli*  Cl  (emit 'ri  I 
Tropical  Timber  Varieties 


Species  and 

Botanical 

other  names 

name 

Distribution 

Characteristics 

U§es 

Tasuu 

Amoora 

Hunmi 

similar  to  Chumpruk, 

Interior 

(Thitni) 

various  sp. 

Siam 

dense,  strong. 

ami  cxfoiioi 

moderately  hard, 

work , 

fairly  fine 

structural 

grained,  somewhat 
oily , easily  worked 

timbers 

Teak 

Tectonia 

Java, 

Regional  differences. 

Suitable 

Grandis 

Madoera, 

greatest  difference 

for  all 

Moena,  Siam, 

Siam/Burma  teak 

purposes 

Burma 

and  Java  teak 

Indochina, 

(heavier  and  harder). 

India 

best  wood  in  the 
world 

APPENDIX  D: 

SUPPLEMENTAL  CRITERIA  FOR 
AIR-CONDITIONING  SYSTEM  DESIGN 
IN  TROPICAL  ENVIRONMENTS 


The  provisions  contained  in  this  section  apply  to 
comfort  cooling  systems  used  in  tropical  environments. 
Tropical  environments  occur  in  geographical  areas  in 
which  mean  annual  temperatures  are  higher  than  70°F 
(2I°C).  These  instructions  supplement  requirements 
contained  in  Department  of  Defense  Construction 
Criteria  Manual  D.O.D.  4270.1  M and  Department  of 
the  Army  Technical  Manual  TM  5-810-1,  Mechanical 
Design  Heating,  Ventilating  and  Air  Conditioning. 

Design  Temperatures 

1 . The  inside  design  temperature  shall  conform  to 
the  requirements  of  D.O.D.  Manual  4270.1  M. 

2.  Outside  design  temperatures  shall  be  based  on 
the  2'h%  dry-bulb  and  59r  wet-bulb  temperatures  for 
geographical  site  locations  tabulated  in  Technical  Man- 
ual TM  5 -785 , engineering  Weather  Data. 

Design  Requirements 

Meat -gain  calculations  shall  be  based  on  procedures 
contained  in  the  current  edition  of  the  ASHRAE  Hand- 
book of  Fundamentals.  Peak  and  partial  load  calcula- 


tions shall  be  prepared.  To  insure  that  the  equipment 
selected  will  provide  maximum  refrigeration-system 
operating  time,  the  equipment  shall  be  sized  to  provide 
a 3°F  (1.7°C)  rise  above  inside  design  temperature 
under  peak  load.  During  normal  loads  the  space  tem- 
perature will  remain  constant  or  near  the  space-tempera- 
ture control  set  point.  Reduction  in  peak  room  sensible 
heat  load,  to  allow  for  the  3°F  (1.7°C)  temperature 
rise,  can  be  calculated  using  the  method  outlined  in  the 
Carrier  System  Design  Manual  for  Load  estimating. 

Outside  Air  Requirements 

1 . Outside  air  intake  requirements  shall  be  based  on 
minimum  values  recommended  by  the  ASHRAE  Hand- 
book of  Fundamentals.  Outside  air  intake  should  be 
reduced  to  an  absolute  minimum  in  all  facilities  during 
unoccupied  periods. 

2.  “Outside  air  dampers  should  close  automatically 
when  compressor  cycles  off  on  (hose  systems  where 
the  fan  coil  unit  is  not  automatically  cycled  off  with 
the  compressor." 

Exhaust  Air  Requirements 

A maximum  of  S09-  of  the  outside  air  supply  should 
be  exhausted  to  maintain  a positive  pressure  level  with- 
in the  air-conditioned  area  and  thus  reduce  infiltration. 
Building  exhaust  air  should  be  used  for  ventilation  of 
mechanical  equipment  areas  to  reduce  condensation  on 
cold  equipment. 
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Sheet-Metal  Ductwork 

Ducts  exposed  to  the  exterior  environment  shall  be 
constructed  of  aluminum  sheets  conforming  to  Military 
Specification  MIL-A-521  74.  This  requirement  includes 
the  outside  air  intake  and  mixed  air  ducts  leading  to 
the  air-handling  units,  Galvanized-steel  or  aluminum 
ductwork  is  optional  for  conditioned  air  supply  inside 
buildings. 

Diffusers,  Registers,  and  Grills 

These  items  shall  be  constructed  entirely  of  alumi- 
num to  prevent  surface  deterioration  caused  by  con- 
densation. 

Insulation  Requirements 

1 . The  insulation  thickness  shall  be  adequate  to  in- 
sure that  surface  condensation  is  minimized.  The 
ASH  RAH  Handbook  of  Fundamentals  provides  guid- 
ance in  the  selection  of  insulation  thickness  at  design 
operating  and  ambient  temperatures. 

2.  Factory -insulated  equipment  is  not  generally 
available  with  sufficient  insulation  thickness  to  prevent 
surface  condensation  in  tropical  environments.  If  prac- 
ticable, air-handling  units  and  cold  equipment  should 
be  located  in  conditioned  areas.  The  additional  costs 
incurred  in  conditioning  these  areas  will  be  offset  by 
lower  maintenance  costs  and  extended  equipment  life. 
A requirement  for  additional  insulation  should  be  in- 
vestigated if  it  is  not  possible  to  locate  cold  equipment 
in  conditioned  areas. 

Space  Temperature  Controls 

1 . Small  systems  which  utilize  compressor  cycling 
for  temperature  control  should  also  cycle  the  evapora- 
tor fan  to  maintain  a lower  relative  humidity  level  in 
the  air-conditioned  space. 

2.  Cooling-coil  face  and  bypass  dampers  should  be 
provided  for  comfort  cooling  applications  to  maintain 
a lower  relative  humidity  level  under  reduced  load  condi- 
tions. Returned  air  only  should  be  bypassed  if  possible. 
The  chilled  water  coil  control  valves  should  not  be 
modulated  as  high  relative  humidity  conditions  will  oc- 
cur during  reduced-load  periods. 


Ferrous  Metal  Protective  Finish 

All  equipment  and  items  located  outside  of  buildings 
shall  have  weather  resistant  finishes  that  will  withstand 
500  hours  of  exposure  to  the  lest  conditions  specified 
in  Method  6071  of  Federal  Standard  1 41.  This  require- 
ment is  also  applicable  to  cold  equipment  located  in- 
side buildings  except  for  equipment  located  in  air- 
conditioned  spaces. 

Piping  Systems 

Maximum  use  should  be  made  ofmaterials  or  finishes 
which  are  inherently  corrosion  resistant  and  are  most 
cost  effective.  Dissimilar  metals  shall  be  separated  by 
dielectric  isolators.  Interior  and  exterior  uninsulated 
ferrous  metal  surfaces  shall  be  protected  in  accordance 
with  the  requirements  of  OCE  Guide  Specification  CE- 
250,  Painting.  General. 

Energy  Conservation 

Consideration  shall  be  given  to  achieving  operating 
economies  by  precooling  outside  makeup  air  with  air- 
to-air  rotary  heat  exchangers  or  runaround  systems 
using  water  coils  whenever  the  exhaust  air  rate  is  4000 
CFM  or  greater.  The  use  of  charcoal  filtration  for  air 
recovery  will  be  considered  where  economically  feasible. 

Specifications 

The  requirements  of  OCE  Guide  Specifications 
CE301.35.  CE301.36.  and  CE301.37  will  be  used  to 
the  maximum  extent  except  for  special  protective  metal 
finishes  and  insulation  thicknesses.  Optional  materials 
shall  be  selected  based  on  information  obtained  from 
the  experience  of  the  using  agency. 

Refrigerant,  Chilled  Water,  and  Condensate 
Pipe  Insulation 

“In  general,  fiberglass  insulation  has  not  been  suc- 
cessful in  wet  tropical  areas.  Foam  glass,  expanded 
plastic,  and  polyurethane  are  the  preferred  materials. 
The  objection  to  fiberglass  insulation  stems  from  fre- 
quent and  untimely  failure  of  vapor  barrier  materials 
and  of  tapes  and  adhesives  employed  in  sealing  the 
joints  Such  failures  permit  the  insulation  to  become 
quickly  saturated,  unsightly  and  useless." 
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APPENDIX  E: 

PAINT  AND  COATING  SYSTEM  RECOMMENDATIONS 


Table  El 

Tropical  Paint  Systems* 


Exterior 

Substrate 

Surface 

Substrate 

Condition 

Preparation 

Finish 

Primer 

Top  Coat 

Remarks 

Concrete 

New 

See  TS-09910 

Flat 

TT-P-J9 

TT-P-19 

For  porous  blocks,  use  TT-P-19  filler 

and 

formula  for  primer. 

Masonry 

Painted 

See  TS-09910 

Flat 

TT-P-55 

TT-P-1 9 

Use  as  a filler  on  masonry  block  if 

New 

Flat 

TT-P-21 

TT-P-21 

painting  not  required. 

Wood 

New 

See  TS-09910 

Flat 

TT-P-25 

TT-P-19 

For  white  and  light  colors. 

New 

See  TS-09910 

Gloss 

TT  -P-25 

TT-P-37 

For  deep  colors  only. 

New 

See  TS-09910 

Gloss 

TT-P-25 

TT-P-81 

For  medium  shades. 

Painted 
Doors  & 

TT -P-620 

- 

Top  coat  as  applicable. 

Frames 

See  TS-00910 

Gloss 

TT-P-25 

TT-E-489 

Primer  and  two  coats  minimum. 

Ferrous 

Galvanized 

M1L-C-1 5328 

Gloss 

TT-P-641 

TT-E-489 

Applicable  for  chain-link  fence. 

New 

See  TS-09910 

G*  ss 

TT-P-645 

TT-E-489 

Flat  is  not  recommended  for  exterior. 

Asphalt 

coated 

Aluminum 

TT-P-3R 

TT-P-38 

Sealer/primer  for  top  coat. 

Aluminum 

New 

Pretreatment 

MIL-P-14504 

Gloss 

TT-P-645 

TT-E-489 

Copper 

New 

Pretreatment 

Gloss 

TT-P-645 

TT-E-489 

MIL-P-1 4504 


*lrrom  Materials  and  Design  Criteria  for  Construction  in  Tropical  Environments,  NAVFAC,  Draft  Report  (Department  of  the  Navy, 
1977),  pp  09910-6. 


Surface  preparation 


Surface 

and  pretreatment 

First  coat 

Second  coat 

Third  coat 

Exterior  stucco 

Remove  foreign  matter,  efflorescence 

Exterior 

Exterior 

None. 

surfaces 

and  loose  particles;  roughen  glazed 

emulsion 

emulsion 

surfaces. 

paint. 

paint. 

i Exterior  concrete 

Remove  foreign  matter, loose  particles. 

Cement- 

Exterior 

None. 

masonry  units 

and  efflorescence.  Dampen  as 

emulsion 

emulsion 

1 

specified 

filler. 

paint. 

| 

or 

i 

Cement- 

Cementitious 

emulsion 

paint  for 

filler. 

limited  use 
as  previously 
specified. 

Exterior  concrete 

Remove  foreign  matter. 

Exterior 

Exterior 

None. 

f indicated  to  be 

emulsion 

emulsion 

painted. 

paint. 

paint. 

Exterior  ferrous 

As  previously  specified 

Exterior 

Exterior 

None. 

surfaces,  exposed, 
unless  otherwise 
specified. 

oil  paint. 

oil  paint. 

Interior  walls  and 

As  previously  specified  for  each 

TT-P-29  or 

TT-E-543  or 

TT-E-505  or 

ceilings  in  food- 

type  of  surface. 

TT-S-179  or 

TT-E-545. 

TT-E-506. 

serving  and 

TT -P-650, 

laundry  areas. 

type  I. 

except  ferrous 

(TT-S-179  is 

surfaces  and 

not  permitted 

concrete  masonry 

on  gypsum 

• 

units,  unless 

I otherwise  speci- 

fied. 

wallboard.) 

Interior  exposed 

As  previously  specified 

TT-E-543  or 

TT-E-508  or 

None. 

ferrous  sur- 
faces, unless 
otherwise 
specified. 

TT-E-545. 

TT-E-509 

ferrous  surfaces 

Solvent  clean  as  specified. 

TT-E-489, 

TT-E-489. 

None. 

of  mechanical  and 
electrical  equip- 
ment that  has 
been  factory 
primed. 

class  A. 

class  A. 

f errous  surfaces 
of  mechanical  and 
electrical  equip- 
ment that  has 
been  factory 
finished. 

Clean  as  required. 

None. 

None. 

None. 

*1  torn  Specification  for  h. 

M.  Barracks  Addition  Yuma  Proving  Grounds,  Specification 

No.  4594  SPL  (Department  of  the  Army, 

1973),  pp  91  14-17. 

1 — 
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Table  E2  (cont’d) 

Desert  Paint  Systems,  Exterior  and  Interior* 


Wood  and  metal 
interior  trim  and 
doors,  except  in 
food-serving  and 
laundry  areas. 

Interior  wood  and 
metal  surfaces  in 
food-serving  and 
laundry  areas,  other 
than  equipment  and 
machinery. 

Interior  galvanized 
surfaces,  unless 
otherwise  specified. 

Interior  wood  sur- 
faces unless  other- 
wise specified. 

Electrical  conduit 
runs,  metallic  tubing, 
uninsulated  ducts  and 
pipes,  pipe  hangers, 
louvers,  grilles,  and 
air  outlets  in  areas 
having  painted 
adjacent  surfaces. 

Exposed-towiew  cotton 
or  canvas  fabric  cover- 
ing over  i ation  on 
pipes, tan  , and  other 
equipmen  t interior. 

Exposcd-to-view  paper 
facing  of  vapor  barrier 
jackets  over  pipe  or 
duct  insulation. 

Exposed-to-view  pre- 
sized or  adhesive 
finished  glass  cloth 
over  insulation  on 
pipes,  ducts,  and 
equipment,  interior. 

Exterior  galvanized 
surfaces. 


Exterior  aluminum 
and  aluminum-alloy 
surfaces. 


Surface  preparation 
and  pretreatment 

As  previously  specified  for  each 
type  of  surface. 


As  previously  specified  for  each 
type  of  surface. 


As  previously  specified. 


Remove  foreign  matter.  Sandpaper 
as  required. 


As  previously  specified 
for  each  type  of  surface. 


As  previously  specified. 


As  previously  specified. 


Remove  foreign  matter. 


As  previously  specified. 


As  previously  specified. 


First  coat 

TT-E-543  or 
TT-E-545. 


TT-E-543  or 
TT-E-545. 


Second  coat 

TT-E-508  or 
TT-E-509. 


TT-E-505  or 
TT-E-506. 


Third  coat 


Same  as  for  adjacent  surfaces. 


TT-E-543  or 
TT-E-545. 


TT-E-543  or 
TT-E-545. 


TT-E-508  or 
TT-E-509. 


TT-E-508  or 
TT-E-509. 


TT-P-30. 


TT-P-30  or 
TT-P-29. 


Two  coats  of  paint  to  match  adjacent  areas. 


TT-P-30. 


TT-P-641 , 
type  II,  or 
MIL-P-26915, 
type  I, 
class  A. 

TT-P-645. 


Exterior 
oil  paint. 


TT-E-489, 
class  A . 


Table  E2  (cont’d) 

Desert  Paint  Systems,  Exterior  and  Interior* 

Surface  preparation 


Surface 

and  pretreatment 

Eirst  coat 

Second  coat 

Third  coat 

Exterior  caulking 
compound. 

As  specified  in  section:  Caulking 
and  Scaling. 

Aluminum 

paint. 

Same  as  adjacent  areas. 

Interior  concrete 
masonry  units,  con- 
crete except  concrete 
floors  and  textured 
ceilings,  gypsum 
board,  unless  other- 
wise specified . 

As  previously  specified  for  each 
type  of  surface. 

TT-P-29. 

TT-E-543  or 
TT-E-545. 

TT-E-508  or 
TT-E-509. 

Interior  plaster, 
unless  otherwise 
specified. 

As  previously  specified. 

TT-S-179  or 
TT-P-29. 

TT-E-543  or 
TT-E-545. 

TT-E-508  or 
TT-E-509. 

Interior  concrete 
masonry -unit  walls 
in  food-serving  and 
laundry  areas,  unless 
otherwise  specified. 

As  previously  specified. 

Cement- 

emulsion 

filler. 

TT-P-29  or 
TT-S-1 79. 

TT-E-543  or 
TT-E-545. 

or 

Fourth  coat 

TT-E-505  or 
TT-E-506. 
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